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AVAILABLE FROM HT AWMINER._...4 compe ete Line oF 
NUCLEAR AMPLIFIERS 


To fill any counting or budgetary requirement, Hamner 
now offers a complete line of three basic nuclear ampli- 
fiers, each available with a choice of discriminators on the 
same basic chassis. These three circuit types are: 


e The ORNL double delay line A-8 circuit, for unex- 
celled overload protection and minimum base line 
shift, at high counting rates. (Ask about Hamner’s 
exclusive fast coincidence pick-off circuit, optional 
on the same chassis). 





The N-302, Chase Higinbotham design, for out- 
standing linearity, low noise and non-overload 
properties. 





e The Hamner N-371, double RC circuit for low cost, 
routine counting or analysis applications. 


Each amplifier is available with either integral discrimi- 
nator or single channel pulse height analyzer on the same 
chassis. All units offer research quality specifications 
which will be demonstrated on request. 


Hamner also markets a wide variety of other advanced 
type nuclear counting equipments which are tailored to 
operate with these amplifiers in forming various counting 
systems. 


For full specifications on these instruments, contact 
Hamner or your area representative. 





HAMNER ELECTRONICS CoO., INC. 


Department 8, P.O. Box 531, Princeton, New Jersey, PEnnington 7-1320 
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BaW NUCLEAR FUEL ELEMENTS AROUND THE WORLD 


Man’s search for better living will be met in large 
part from practical nuclear power applications. As 
a major supplier of nuclear fuel elements for re- 
search, testing, and power production purposes, 
B&W makes a significant contribution to this search. 
The high standards of B&W engineering com- 
petence; its production facilities and experience, 
assure nuclear fuel element purchasers of the highest 
quality and greatest dependability available. 


These unparalleled qualities are exemplified by 
the B&W fuel elements produced for research re- 
actors around the world, the Materials Testing Re- 
actor (MTR), Engineering Test Reactor (ETR), 
N.S. SAVANNAH, and many of those which power 
the nuclear submarine fleet. 

For additional information request a copy of 
bulletin, NCB-1. Write to The Babcock & Wilcox 
Company, 161 East 42nd Street, New York 17, N. Y. 


THE BABCOCK & WILCOX COMPANY 





NUCLEAR POWER APPLICATIONS 





Complete nuclear systems, cores, components, fuel elements, nuclear research and development 
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M&C Nuclear operator sets automated controls for welding zircaloy assembly. 


Available to You— U.S. A.'’s Largest Commercial 
Inert Atmosphere Welding Facility 


Our welding facilities were developed to aid us in the ever more precise manufacture of fuel 
element assemblies. These facilities plus our extensive experience are now available to 

all manufacturers whose products require special welding. 

Our nine welding boxes range in length from 14 feet to 22 feet .. . in diameter from 24 inches 
to 36 inches. . . and provide up to 15 feet travel. They can be evacuated to a vacuum of 
0.03 microns and back filled with either Helium or Argon. A mass spectrometer is used 

to assure control of gaseous impurities. 

In the interest of increased efficiency to minimize costs, we have developed special tooling, jigs 
and fixtures as well as instrumentation that allows automatic positioning and voltage control. 
Whatever your material zirconium, zircaloy, tantalum, hafnium, titanium, 

in fact most exotic metals we have, or can, weld it. 

In addition, we have facilities for atmosphere are and acetylene welding and brazing 

for which we are a U.S. Navy qualified source. If you have a welding problem, 

let us help you solve it. 


TEXAS INSTRUMENTS 


INCORPORATED 
M&S NUCLEAR,INCG. 


(A SUBSIDIARY) 
P.o. BOX 898 + ATTLEBORO, MASSACHUSETTS, U.S.A. 
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The World's Largest Privately Owned Facility Designed Specifically for Fabrication-Development 
and Production of Fuel Elements, Core Components and Complete Cores. 
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... about NUCLEONICS 


Radiation and NUCLEONICS 

As the line 
under our name on the front cover says, 
NUCLEONICS covers the fields of Ap- 
plied Radiation, Atomic Power and 
Nuclear Engineering, but all too many 
people think of us as “just a reactor 
magazine.” This is in spite of the fact 
that Applied Radiation comes first in 
this listing and in spite of the fact that 
through the 


We’ve got a problem. 


NUCLEONICS years has 
devoted a large fraction of its pages to 
isotope applications and nonpower 
uses of atomic energy. 

We keep a running count of the dis- 
tribution of our technical articles be- 
tween those that are reactor-oriented 
and those that are radiation-oriented. 
We fin 


to radiation 


that 40% of our coverage goes 
and 60% to reactors. 
Even if we wanted to cut back on the 
radiation coverage, Associate Editor 
Hobart Ellis, who assiduously covers 
that field for NuCLEONICS, would not 
let us. Neither would Managing Edi- 
tor Dan Cooper, who’s got the job 
of maintaining a proper balance. 
Nor would Assistant News Editor Bob 
Adamson, who, as the man in charge 
of News of the Month, sees that it 
carries its quota of Radiation News. 
Neither, when he (or she) comes on 
board, will the new Assistant Editor 
that we are hiring to further strengthen 
our position in nonpower nucleonics. 
But since deeds speak louder than 
words and since our deeds are words 
(not on this page but on the other edi- 
torial pages of NUCLEONICs) turn now 
to the 6-page roundup on new electron 
accelerators that forms our cover story 
this month (p. 52). Or consider the 
idea-filled Applied Radiation and In- 
strumentation and Measurements de- 
partments this month. Or imbibe the 
heady stuff of Constant Wippler’s report 


from France on radiation effects in 
polyviny! chloride. 
radiation and mean to keep on proving it. 

But beyond all this NUCLEONICs is 
dedicated to the principle that there’s 
a wholeness in the nuclear field—that 


We do care about 


reactor developments affect isotope 
users and that the man who is con- 
cerned about better lubricants for a 
control-rod drive ought also to be con- 
cerned with what Mr. Wippler has to 
say about radiation’s effects on poly- 
You can be just a 
control-rod drive-lubricant specialist if 
you want to and find many NUCLE- 
ONICS interest to your 
specialty, but your understanding of 


vinyl chloride. 


articles of 


the nuclear technology that we are all 
building together will be ever so much 
richer if you feel that all things nuclear 
are of importance to you and interest 
yourself accordingly. 


Enter Mr. Taylor 

Newest addition to the NUCLEONICS 
staff is Herbert Taylor, who joins us as 
Assistant Art Director, a position cre- 
ated in recognition of the load placed 
on Art Director Tom Howland, who 
this month additional re- 
sponsibilities as Promotion Manager. 


assumes 


Herb was born in Canada and received 
his art training there at the Ontario 
College of Art. These art people al- 
ways impress us with the richness of 
their associations—among Herb’s free- 
lance assignments has been preparing 
brochures for New York’s 92nd St. 
YMHA—famed for its Poetry Center, 
first stopping point for Dylan Thomas 
in America. 

We skip the usual custom of provid- 
ing a photograph of the new arrival 


since we expect more and plan to 


group them together next month or so. 
—The Editors 
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ASCO SOLENOID VALVE CONTROLS PRESSURE SURGES 


For further information, request “ASCO Valves 
for Nuclear Reactors” and Catalog No. 202. 


ASCO — the only solenoid valve manufacturer in the industry with complete 
nuclear energy test facilities including a hot test loop — now offers a family of 
solenoid valves designed specifically for atomic energy applications. 

The Spray-Valve shown in the cutaway above was developed especially to 
control pressure surges in the water cooled pressurized reactor. All stainless 
steel with stellite seats and discs, this unit has demonstrated reliability and 
maintenance-free operation under tests which duplicated the most strenuous 
operating conditions. 

This packless type (hermetically sealed) solenoid valve is capable of large 
volume flow at low pressure differentials, handles pressures of 2500 p.s.i., at 
675°F. Normally closed (closed when de-energized), it is supplied in. 1”, 144” 
and 2” sizes. 

ASCO Spray Valves are in use at Shippingport Atomic Power Station, and aboard 
nuclear submarines powered with water cooled reactors. Reliable and maintenance- 
free, ASCO 2, 3 and 4-way valves are specified for primary and secondary systems 
of nuclear reactors, as well as for instrumentation control. 





Typical ASCO Solenoid Valves for submarines, military and commercial surface ships, and industrial power plants: 


Primary System Secondary System 


Isolating Pressure Operated Manual Reset 
(Stop) Valve 4-way Valve 2-way Valves 








Automatic Switch Co. 


52M Hanover Road, Florham Park 
New Jersey. 
FRontier 7-4600 





instrumentation Control 


4% 


Manual Reset 4-way 
Valves Valves 

















CROSSROADS 
OF THE WORLD 
IN ATOMIC ENERGY 


If you plan to buy, 
sell, build, manufacture, 
ship, design or research 
anything atomic, 
look to — 


NEW 


YORK 
STATE 


OFFICE OF 
ATOMIC DEVELOPMENT 


230 PARK AVENUE + NEW YORK 17 
STATE OFFICE BUILDING * ALBANY 1 








NUCLEAR REACTIONS 


A Hot Topic 


| Dear Sir: 
| In the article ‘AEC Puts Together 
| A Long-Range Power Reactor Pro- 
| gram” (NUCLEONICcs, April, 1960, p.71), 
| equipment performing the same func- 
tion in the flow sheets on pp. 74-79 is 
| labeled 


cases 
| 


“steam generator” in some 
and “evaporator” in 
The only discernible difference is that 
is used when steam is 


others. 


“evaporator” 
| subsequently superheated. 

Evaporators are ordinarily for pur- 
ifying water or for reducing the solvent 
| content of solutions in the chemical- 
| process industries. 

As an old boilermaker, I’d like to 
suggest the terms customarily used by 
boilermakers: 

Boiler—heating surface where steam 
is made. 

Superheater—heating surface where 
the steam temperature is raised above 
saturation temperature. 

Economizer—heating surface where 
|heat is imparted to the feed water 
(if a small quantity of steam is formed, 
it is a ‘steaming economizer”’). 

Steam generator—assembly of a 
boiler and a superheater, with or 
without an economizer. 

“Equipment” may be preferred to 
without changing 
manufacturers of 


“heating surface” 
the intent. 
| “package boilers” use “‘steam gener- 
ator’ for a boiler only—probably for 


Some 





| prestige. 
Davip M. SCHOENFELD 
Consulting Engineer 
New Canaan, Connecticut 
DEAR SIR: 
I found no reference in “A Glossary 
of Terms in Nuclear Science and Tech- 
nology” (The American Society of 
Mechanical Engineers, 1957) to any of 
the terms listed in D. M. Schoenfeld’s 
letter. However, the following defini- 
tions are given in the American Boiler 
and Affiliated Industries (ABAI) “1958 
Manual of Industry Standards for 
Steam Generating Equipment.” I 
| have added “heat exchanger,” which 
is generic for all of the apparatus. 
Heat exchanger—a vessel in which 
| heat is transferred from one medium 





to another. 

Boiler—a closed pressure vessel in 
which a liquid, usually water, is 
| vaporized by the application of heat. 

Superheater—a group of tubes which 
absorb heat from the products of 
combustion to raise the temperature 





of the vapor passing through the tubes 
above the temperature corresponding 
to its pressure. 

Economizer—a heat-recovery device 
designed to transfer heat from the 
products of combustion to a fluid, 
usually feedwater. 

Steam-generating unit—a 
which water, fuel and air are supplied 
and in which steam is generated. It 


unit to 


consists of a boiler, furnace and fuel- 
burning equipment and may include as 
component parts water walls, super- 
heater, reheater, economizer, air heater 
or any combination thereof. 

It should be noted that the definition 
for “‘superheater” given above pertains 
only to subcritical-pressure operation. 
This should be satisfactory, however, 
for the present state of the nuclear art. 

In the last three definitions, the heat 
is supplied by combustion of a. fuel in 
air. This would need modification or 
augmentation for application to units 
obtaining heat from fission or liquid at 
high temperature and pressure. 

Ropert K. Beur 


The Babcock & Wilcox Company 
New York, New York 


DEAR Sir: 


My 
Behr’s. 
The ABAI definitions, as presented 
in Mr. Behr’s text, agree essentially 
with Mr. Schoenfeld’s, with the excep- 
I, personally, 


comments supplement Mr. 


tion of steam generator. 
would like to see “boiler” used by the 
atomic industry for a heat 
saturated 


now 


energy 

exchanger that 
steam. “Steam 
being used about 90% of the time in 
the field to indicate what is merely a 
Actually, “steam generator” 


generates 


generator” is 


boiler. 
literally means “boiler.” 

I would like to see the ABAT defini- 
tions adopted in the atomic energy 
field. If an over-all term is needed, or 
if a “boiler” 
“‘superheater” would serve a practical 
purpose, I feel we should look for a 
better term than “steam generator.” 
Perhaps this is a job for the ABAT. 

—W. T. Moore, Manager 
Atomic Energy Division 


The Babcock & Wilcox Company 
New York, New York 


combination of and 


Zircaloy Etchants 


Dear Sir: 


In the article by R. Flanders et al., 
“Ammonium Bifluoride—A Superior 
Etchant for Zircaloy,” (NU, June, 


August, 1960 - NUCLEONICS 





1960, p. 126), the impression is given 
that ammonium bifluoride-nitric acid 
is a better etchant for zircaloy than the | 
standard liquid hydrofluoric-nitric acid. | 
e ammonium bifluoride-nitric acid 
ed at Hanford Atomic 
n* with results com- 
tandard hydrofluoric- 
Che ease and safety 
nium bifluoride ceases 
is mixed with nitric 
the fluoride ion 
ites with the hydro- 
nitric acid to form 
cid. The splashing 
etchant is equally 
xperience, the zir- 
on in the HF-HNO; | 
r no effect on the 
is determined pri- 
remaining HF 
depleted baths are 
with hydrofluoric | 


vath is used until the zir- | 
oncentration becomes high | 
wuse staining. It should 
tioned that etch baths operated 
temperatures (30° C) cause 
surface staining and allow 
l unsfe r times, 
H. P. MArrer 
Reactor & Fuels Research 
& De elo pment Operation 
4tomic Products Operation 
Richland, Wash. 


that the solution con- 

im bifluoride and nitric 

is hazardous as the | 

acid solution after | 

er, hazards are er- | 

handling of a powdered | 

vs. a liquid material, i.e., | 

1 bifluoride vs. hydrofluoric | 

mixing of these solu- | 

luced hazard, in our | 

ved a considerable | 

n bath preparation. 

e proved the point | 

ce of zirconium | 

subsequent sus- 

high etching rates for the 
um bifluoride mixture. 

ears that Mr. Maffei’s com- 

re based on a limited experience 

ynium bifluoride. Perhaps 

equaintance with the recom- 


stitute bath will sway him 


rT B. FLANDERS 
M & C Nuclear, Inc. 
Attleboro, Maas 


G. Griggs, Preparing 
rr autoclave testing—the pick- 
ng process, HW-60433 (1959). | 
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ENERGY 
for 


Equipment installation 
e Tale Mmaat-llahcctar-liler> 


Facility operation 


Specialized engineering 
assistance 
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For additional information 
on RCA services in the nuclear field, 
write or phone: 


Nuclear and Scientific Services 


RCA SERVICE COMPANY 


Cherry Hill, Camden 8, N.J. 


The Most Trusted Name in Electronics 
RADIO CORPORATION OF AMERICA 





KANIGEN 


The proved nickel alloy chemical plating—available only 


from General American and its licensees 


KANIGEN is a chemically and metallurgically unique process for applying a hard, corrosion 
and abrasion resistant surface to most metals. KANIGEN is being used successfully for 
coating almost everything of any size—from the inside of a tank car to a tiny surgical 


needle—providing extreme uniformity of coating thickness even on complex shapes. Rack, 


jig or barrel plating may be used with KANIGEN. 


Since KANIGEN is a nickel alloy, it has many 
qualities which make it desirable for nuclear 
applications. Valves, pumps, pressure ves- 
sels, tube bundles and headers are typical 
of the pieces that have been successfully 
plated with KANIGEN. 


KANIGEN is available from General American 
at East Chicago, Indiana; Sharon, Pennsyl- 
vania, and Compton, California, and from 
licensees in many cities. For further infor- 


mation, call or write. 


KANIGEN is a trademark which identifies chemical nickel coating 
by General American Transportation Corporation and its licen- 
sees, the product resulting therefrom and compositions produced 
by them for use in chemical nickel coating. 


Kanigen Division 








PHYSICAL PROPERTIES 
Specific gravity 
Melting point 
Electrical resistivity 
approximately 60 micro-ohms/cm/cm? 
Coefficient of expansion 
13 x 10° cm/cm per °C or 
7.22 x 10°° in/in per °F 
Thermal conductivity 
approximately 0.0105 to 
0.0135 cal/em sec °C (calculated) 
Hardness 
as plated—49 Rockwell C 
heat treatable to 70 Rockwell C 


1635 °F 





World’s largest production facilities for 
chemical nickel alloy plating on 

Iron 

Copper 

Aluminum 

Titanium 

Beryllium 

and their alloys 

Pilot plant facilities are available for nickel 
alloy chemical plating on magnesium, uranium 
and non-metallics including thermosetting 
plastics, glass, ceramics. 








GENERAL AMERICAN TRANSPORTATION CORPORATION 


135 South LaSalle Street * Chicago 3, Iilinois 


KANIGEN 
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Concerning programs 

and professional opportunities 
at General Atomic 

Division of General Dynamics 


General Atomic is a modern center of nuclear development where new 

ideas and techniques originate and are vigorously pursued. Here, a wide range of 

scientific research and engineering programs is underway in an environment 

which includes a full spectrum of activities combining the traditions of basic research with the 
dynamic resources of a major industrial organization for engineering and production. 


Some of General Atomic’s activities are described on the following pages. 
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Left, high-temperature metal- 
lurgy experiment for General 
Atomic’s HTGR and MGCR 
programs. Above, TRIGA re- 
actor core. Upper right, torus, 
used in fusion experiments 
Right, atomic beam appara- 
tus for studying interaction 
of atoms on surfaces. 


General Atomic’s advanced activities present unusual challenges. . . 


Prime emphasis at General Atomic Division of General 
Dynamics is the development of new ideas — from their 
theoretical conception through the successful operation of 
the finished product. Among the advanced science and engi- 
neering programs now underway at General Atomic’s John 
Jay Hopkins Laboratory for Pure and Applied Science at 
San Diego, California, are the following: 


HIGH TEMPERATURE GAS-COOLED REACTOR — 
The HTGR system, with its unique graphite and carbide 
fuel-moderator elements, embodies such design character- 
istics as (1) modern steam conditions of 1000°F. and 1450 
psi; (2) helium gas outlet temperature of 1380°F.; (3) fuel 
burnup in the 50,000-100,000 MWD7/ton range; and (4) 
over-all system efficiency of 35%. The prototype HTGR 
plant will be completed in 1963 for Philadelphia Electric 
Company and 52 other utility companies comprising High 
Temperature Reactor Development Associates, Inc. 


MARITIME GAS-COOLED REACTOR — The MGCR 
system for merchant ship propulsion combines in one sys- 
tem a high temperature gas-cooled reactor and closed-cycle 
gas turbine power machinery. Using a beryllium oxide 
moderator and uranium oxide fuel, the MGCR permits the 
achievement of over-all efficiency up to 40%, while making 
possible low fuel costs and a compact design. The MGCR 
system is being developed for the U.S. Atomic Energy Com- 
mission and Maritime Administration. 


DIRECT CONVERSION OF HEAT TO ELECTRICITY 
— General Atomic’s broad activities cover both civilian and 
defense applications, including the development of high 
temperature cesium cell and semiconductor devices to oper- 


ate as integral parts of nuclear reactors. Participating in the 
civilian program are the Rocky Mountain-Pacific Nuclear 
Research Group of utilities and San Diego Gas & Electric 
Company. 


CONTROLLED THERMONUCLEAR REACTIONS — 
The world’s largest privately financed program is directed 
toward a more complete understanding of plasma physics 
to point the way toward controlling and sustaining a fusion 
reaction. The theoretical and experimental program is being 
conducted jointly by General Atomic and the Texas Atomic 
Energy Research Foundation. 


NUCLEAR POWER FOR SPACE VEHICLES — General 
Atomic is carrying out the U.S. Government’s project for 
the use of controlled nuclear pulses to propel space vehicles, 
such as a 1000-ton space platform. This dramatic program, 
called Project Orion, is authorized by the U.S. Air Force’s 
Air Research and Development Command 


TRIGA REACTORS — Extended applications of General 
Atomic’s inherently safe TRIGA reactor are continuously 
under study at the Laboratory. For example, adaptions of 
the TRIGA core have been shown to be capable of safe. 
repetitive flashing, thus opening new fields of research using 
pulsed radiation. Some twenty TRIGA reactors are now - 
or soon will be — in operation throughout the world. 


RESEARCH AND DEVELOPMENT — As indicated by 
the summary on the following page, activities at General 
Atomic go deeper and beyond specific major projects. Some 
of these other areas, in both basic and applied research, in- 
clude: advanced reactor concepts, solid state physics, atomic 
beam studies, high-temperature chemistry, radiochemistry, 
and the development of new materials. 





Activities encompass diverse scientific and engineering disciplines . . . 


Intensive integration of diverse technical disciplines at 
General Atomic and its John Jay Hopkins Laboratory pro- 
vides an unusually broad exchange of ideas and information 
between the scientist and the engineer. This philosophy is in 
keeping with General Atomic’s emphasis on closely combin- 
ing basic scientific research with its applications. Some of 
the current activities are summarized below: 


Theory of atomic and nuclear cross sections 
fundamental plasma physics 

basic reactor theory . atomic beam studies of charge 
exchange, atom-surface interactions, and chemical kinetics 

irradiation effects on solids, gases and liquids, using 
. direct conversion 
studies 


PHYSICS 
solid state theory 


linear accelerator and TRIGA reactor . . 
devices high-temperature semiconductors . 
of the band structure of solids . . . applications of solid state 
surface physics to chemical catalysis . . . acoustic studies of 
single crystals and deformed materials . use of pulsed 
neutron sources for cross section measurement and reactor 
physics problems development of novel diagnostic tech- 


niques for fusion research 


NUCLEAR ENGINEERING.— Reactor core design and 
. reactor design neutronic calculations 
evaluation 
. Opera- 


thermal analyses 

analyses of reactor and system controls... 
of economics associated with reactor core design . . 
tion and analysis of critical experiments and applications of 
results to reactor design problems. 


METALLURGY Development of new materials, involv- 
ing physical metallurgy mechanical metallurgy 

high-temperature, high-pressure research . . . effects of fabri- 
cation on mechanical properties and stored energy .. . in- 
pile and post-irradiation studies surface phenomena 
studies using the controlled atmosphere microbalance 

refractory materials corrosion studies ceramics, 
graphite and carbides for high-temperature fuel elements. 


ELECTRICAL ENGINEERING — Systems and compon- 
ents for reactor instrumentation . . . nucleonic instrumenta- 
tion, including radiation detectors and other experimental 
equipment for millimicrosecond pulse work . . . solid state 


DC-to-AC converters. 


MECHANICAL ENGINEERING — Nuclear power plant 
and equipment layout . . . design of reactor equipment, in- 
cluding: pressure vessels and internal reactor elements, 
steam generators and other heat exchangers, pumps, com- 
pressors, piping and control systems, control rod drives, and 
remote fuel handling mechanisms . . . studies in stress, heat 
transfer, fluid mechanics, and thermodynamics. 


ENGINEERING — Selection, specification 
applications of unit 


CHEMICAI 
and process design of fluid systems... 
Operations in the nuclear power field, involving purification 
establishment of criteria in process instrumenta- 
economic evaluation 


of gases... 
tion . . . reactor fuel reprocessing .. . 


studies . . . development of test loops. 


MATHEMATICS — Mathematical analysis and program- 
ming using linear and non-linear equations, ordinary and 
partial differential equations, and integral equations for 
making calculations in the following areas: reactor criti- 
cality, kinetics and burnout, heat conduction, stress analysis, 
hydrodynamics, and stability. 


CHEMISTRY — High-temperature solid-vapor and solid- 
solid phase equilibria chemistry of compound semi- 
. photonuclear reactions and other areas of 
radiochemistry diffusion and entrapment of fission 
product elements . . . chemical kinetics . . . gas adsorption 

. . carbon transport in high-temperature reactors . . . mass 
. activation analysis . . . varied and novel 


conductors . 


spectrometry 
problems in analytical chemistry. 


General Atomic Europe 


In June, 1960, General Dynamics Corporation announced 
the founding of an integrated European company, General 
Atomic Europe, in Zurich, Dusseldorf, and Milan, for ad- 
vanced projects and products in the nuclear field. Programs 
of General Atomic Europe will be consistent with European 
technical developments and European requirements. The 
technical staff will initially emphasize development of high- 
temperature power reactor systems in the 100 megawatt 
region. The initial address of General Atomic Europe is 
Weinbergstrasse 109, Zurich 6, Switzerland. 


Above, investigation of thermionic emission of tantalum in Lab- 
oratory’s direct conversion program. Left, test stand to measure 
heat transfer characteristics of HTGR fuel elements 
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Professional openings for engineers and scientists . . . 


Engineers and scientists interested in contributing to the 
advanced programs outlined on the previous pages are in- 
vited to consider openings at General Dynamics’ General 
Atomic Division. Those who qualify will join more than 
1300 scientists, engineers and support personnel now work- 
ing at the John Jay Hopkins Laboratory. 


Openings, including senior positions, now exist for the 
following: 


THEORETICAL PHYSICISTS 
EXPERIMENTAL PHYSICISTS 
MATHEMATICIANS-PROGRAM MERS 
METALLURGISTS 

CERAMISTS 

CHEMISTS 

CHEMICAL ENGINEERS 

NUCLEAR ENGINEERS 
MECHANICAL ENGINEERS 
ELECTRICAL ENGINEERS 


With a Corporate investment of over $15 million, and 
total facilities in excess of 300,000 square feet, the John Jay 
Hopkins Laboratory is now the largest and most diversified 
privately owned nuclear laboratory in the world. Its facili 
ties include: more than 150 individual /aboratories in three 


arc-shaped buildings . . . a library and technical information 
center at the hub of the Laboratory complex .. 


and process metallurgy building, including research and fab- 


experimental 


rication equipment, as well as apparatus and high bay space 
for large-scale engineering experiments . . . a technical office 
. two operating TRIGA reactors for both steady- 
a 300 milliampere, 32 MEV 


building . 
state and pulsed experiments. . 
electron linear accelerator . . . a megacurie hot cell facility 

critical experiment buildings and fusion research 
center, housing a shock wave and plasma projection facility, 
a torus, two linear pinch assemblies, and a large storage 


condenser bank. 


The campus-like laboratory is located atop San Diego’s 
Torrey Pines Mesa, less than a mile from the Pacific Ocean 
The San Diego area offers many advantages to families re- 
siding here — including unsurpassed climate, schools among 
the best in the nation, expanding advanced education facili- 


ties, and limitless opportunities for year-round recreation. 


General Atomic welcomes inquiries from qualified scien- 
tists and engineers interested in exploring the possibility of 
joining the Laboratory staff. Please address Manager of 
Personnel, General Atomic Division, Dept. C, P.O. Box 608, 
San Diego 12, California 


GENERAL DYNAMICS 
GENERAL ATOMIC DIVISION 





THE FINEST INSTRUMENTS FROM ROOTS OF EXPERIENCE AND INTEGRITY 


Vhe Laudserk Electrwometer Company 
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Vol. 18, No. 8 - August, 1960 13° 





1. PLANO-CONCAVE FACEPLATE 
supports spherically shaped 
(orehagrole(smrelme)e)aianlelan 

photoelectron collection. 


2. DOMED SHIELD 


matches curvature of cathode 
for spherically symmetrical 
r-1f-Youd dels} e-) alomil=iie| 


3. INCONEL SPRING SUPPORT 
assures increased resistance 
to shock and vibration. 


4. LINEAR DYNODE STRUCTURE 


is specially designed for 
fast time response. 


5. STURDY LEAD WIRES 


result in rugged construction. 


6. INTERCHANGEABLE DESIGN 
can be substituted directly 
for many existing 
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NEW PHOTOMULTIPLIERS 
FROM CBS LABORATORIES 


CBS LaBoraTorIEs new line of photomultipliers are spe- diameter cathodes with visible (S-11) or infra-red (S-1 
cially designed for counting or scanning applications. response and 10 stages of multiplication; or with quartz 

Unique photocathode geometry and improved linear windows in 2” and 3” diameters with ultra-violet re- 
dynode structure are combined to provide excellent sponse (S-13, Rb, Te or Cs, Te cathodes). Special modi- 
uniformity of response across the face of the tube and fications or entirely new structures can be developed 
extremely short transit time spread. to order. 

The rugged photomultipliers made by CBS LaBora- For technical bulletins describing specific tube types, 
TORIES are available as illustrated above in 2”, 3” and 5” write to CBS LaBoratTorties, Electron Tube Department. 


HIGH RIDGE ROAD, STAMFORD, CONNECTICUT 
A DIVISION OF COLUMBIA BROADCASTING SYSTEM, INC. 
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From headquarters 
for radiation shielding materials: 


FEDERATED LEAD PRODUCTS 


Federated has fabricated Asarco Lead into shielding devices 
in numerous designs and widely varying weights. Interlocking 
Bricks*, for example, have a unique design to provide a full 
inch of shield for every inch of lead supplied. Other Federated 
perfected products include lead sheet and plate for permanent 
installations, available in different thicknesses, lengths, 
widths; numerous stock sizes of isotope containers; stor- 
age, disposal and shipping containers in weights up to 25 
tons; lead shot to fill hollow receptacles; lead wool for cold 
caulking; and special castings to order of elbows, bushings, 
piping and other components. Write or call for Bulletin No. 
193, “‘Lead For Radiation Shielding.’’ Federated Metals Divi- 
sion, American Smelting and Refining Company, 120 Broad- 
way, New York 5, REctor 2-9500, or call your nearest 
Federated sales office. *Patent Pending 
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(FED) ATED METALS DIVISION 


Where to call for information: 


ALTON, ILLINOIS 
Alton: Howard 5-2511 
St. Louis: Jackson 4-4040 


BALTIMORE, MARYLAND 
Orleans 5-2400 


BIRMINGHAM, ALA. 
Fairfax 2-1802 


BOSTON 16, MASS. 
Liberty 2-0797 


CHICAGO, ILL. (WHITING) 
Chicago: Essex 5-5000 
Whiting: Whiting 826 


CINCINNATI, OHIO 
Cherry 1-1678 
CLEVELAND, OHIO 
Prospect 1-2175 
DALLAS, TEXAS 
Adams 5-5034 
DETROIT 2, MICHIGAN 
Trinity 1-5040 

EL PASO, TEXAS 
(Asarco Mercantile Co.) 
3-1852 

HOUSTON 29, TEXAS 
Orchard 4-7611 


LOS ANGELES 23, CALIF. 
Angelus 8-4291 
MILWAUKEE 10, wis. 
Hilltop 5-7430 
MINNEAPOLIS, MINN. 
Tuxedo 1-4109 

NEWARK, NEW JERSEY 
Newark: Mitchell 3-0500 
New York: Digby 4-9460 
PHILADELPHIA 3, PENNA 
Locust 7-5129 
PITTSBURGH 24, PENNA. 
Museum 2-2410 


PORTLAND 9, OREGON 
Capitol 7-1404 
ROCHESTER 4, NEW YORK 
Locust 5250 

ST. LOUIS, MISSOURI 
Jackson 4-4040 


SALT LAKE CITY 1, UTAH 
Empire 4-3601 


SAN FRANCISCO 24, CALIF. 


Atwater 2-3340 


SEATTLE 4, WASHINGTON 
Main 3-7160 





WHITING, IND. (CHICAGO) 
Whiting: Whiting 826 
Chicago: Essex 5-5000 


IN CANADA: Federated 
Metals Canada, Ltd. 
Toronto, Ont., 1110 
Birchmount Rd., 
Scarborough, Phone: 
Plymouth 73246 


Montreal, P.Q., 1400 
Norman St., Lachine, 
Phone: Melrose 7-3591 
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Science fiction at Los Alamos 


Is this the shape of things to come in Sherwood? 
State before starting operation 
Quick Acting valve (closed) | 
_ _, Satis 





























*>—Picket fence magnetic bottle ——> 


The cusped geometry or picket fence was pro- 
posed back in 1954 independently by Grad at 
N.Y.U. and Tuck at Los Alamos, to get around 
hydromagnetic instability of plasma-magnetic 
field interfaces. Nobody did much about it at the 
time. The pinch effect seemed to hold more 
promise, so why bother about a leaky picket 
fence? A large magnet to produce a DC picket 
fence geometry was built but laid aside. For 
several years the stabilized toroidal pinch (called 
Perhapsatron at Los Alamos) held the stage. 
But as our measuring techniques got better, the 
pinches began to show a most sinister behavior. 
An apparently stabilized pinch which should 
have been radiating energy at the rate of several 
kilowatts, turned out to be losing it at a rate of 
hundreds of megawatts. As we got the impurities 
out of the system, the losses seemed to go down. 
One pinch (Perhapsatron S-5) has seemed so 
clean we are trying to raise its temperature to 
thermonuclear levels by pouring in more power. 
Then there appeared the spectre of plasma oscil- 
lations and their evil effects on magnetic confine- 
ment. In principle, plasma oscillations can thrive 
on the interaction of a fast wind of plasma elec- 
trons moving through a slower cloud of plasma 
ions, This makes things look bad for the pinch ef- 
fect, because the plasma has to have a large elec- 
tric current in it, and therefore an electron wind. 
The Russians delivered the next blow. Trubnikov 
and Kondryatsev predicted an enormous cyclo- 
tron radiation flux from a plasma containing a 
magnetic field. This would ruin the chances for 
DD reactors, and make things tough even for 
DT reactors. Among other complications, a 
nearly perfect mirror would have to be placed 
around the inner wall of the plasma container to 
reflect the radiation back. 

Then Rosenbluth and Drummond argued that 
when the angular distribution is considered, the 
radiation isn’t really so bad—say 1/50th of what 
T and K say. Now Trubnikov has come right 
back with another paper that says it is five times 
worse than R and D said it was. The above 
theories are pretty simple—the real problem is 
exceedingly difficult theoretically. It may be 
quite a while before there is anything new in 
this direction. 

Anyhow, the point is that DD reactors with 
magnetized plasmas now seem to be out. But 
some people, like Tuck, claim that DD reactors 
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are the only ones that make sense, since a DT 
reactor which must carry on its back a mon- 
strosity of a tritium recovery plant could never 
compete with fission power anyhow. 

This brings us to the point that if we want to 
have a DD reactor, it has to have no magnetic 
field in its plasma. So all right, don’t put a mag- 
netic field in the plasma. Unfortunately, there 
aren’t any magnetic confinement systems stable 
enough to hold a pure plasma, except one. You’ve 
guessed it— it’s the picket fence. 

So we went back to the warehouse and dusted 
off the magnet we built long ago. Already it is 
going full blast, a second one has been built and 
a third one is on its way. Of course, we aren’t 
alone any more in this field. Small cusped geo- 
metries are being studied at General Atomic, 
Livermore, Stevens, Harwell, Utrecht and Khar- 
kov. Pretty soon we will have only picket fences 
and plasma guns at Los Alamos, aside from a 
few Scyllas to study plasma at thermonuclear 
temperatures, unless old Perhapsatron S-5 does 
something pretty spectacular. 

The diagram of Picket Fence I (above), run by 
D. Hagerman and J. Osher, shows how plasma is 
injected as a slug, strong enough to push 
through the magnetic field and spread out inside. 
(This is called entropy trapping, but that’s an- 
other story). Does it work? Well, that depends. 
It’s a lot more complicated than we thought. At 
first, we nearly died of joy when the plasma was 
shot in and seemed to stay around for ages in 
our time scale (1000 microseconds), emitting 
light in the process. But when a magnetic probe 
was inserted, the harsh truth was revealed—the 
containment lasted only a few microseconds. In 
other words, the long time period we thought we 
had observed was merely cold plasma emitting 
light by recombination. 

Jyst lately, however; Messrs. Hagerman and 
Osher have cleaned things up to the point that 
hot plasmas are pushing the field aside strongly 
and are keeping the inside field pushed aside for 
very satisfying periods, like 50 microseconds. 
Also, if we keep the magnetic probe out of the 
way of the plasma, it stays around longer, which 
is what it should do. This particular picket fence 
is a horror to keep a vacuum in, as it is com- 
pletely overrun with O rings. The next one will 
be baked. Fun, eh? 

What about the leaks in the fence? It is pretty 
leaky, but we think we have an answer to that 
too, so watch for the story on the TLC picket 
fence one of these days. 


For employment information write: 
Personnel Director, Division 60-77 
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MORGEN STARFINDER 
Polaris missile submarines use the 
Kollmorgen-designed and built Type 11 
periscope—the world’s largest—for pinpoint 
fixes by celestial navigation. Reference stars 
are programmed into the sub’s stabilization 
computer in advance as celestial navigation 
coordinates. The Type 11 periscope then 
trains on a reference star, with adjustment 
by the operator as necessary, and feeds an 
error signal back through to the ship’s iner- 
tial navigation system, which is automati- 
cally corrected. The precise position data 
necessary for optimum execution of the 
submarine’s mission is thus assured. 

Send for our illustrated, twenty-four 
page brochure describing Kollmorgen ex- 
perience, skills and facilities. 
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< KOLLMORGEN 


NORTHAMPTON, MASSACHUSETTS 


NUCLEAR REMOTE VIEWING EQUIPMENT @ SUBMARINE 
PERISCOPES @ OPTICS ® BORESCOPES @ MOTION 
PICTURE AND TELEVISION LENSES @ PRECISION OPTICAL 
INSPECTION AND ALIGNMENT DEVICES @ ELECTRONIC 
CONTROLS AND COMPONENTS @ NAVIGATIONAL AIDS 
WESTERN TECHNICAL REPRESENTATIVES Rersee a 
COSTELLO & COMPANY, LOS ANGELES, CALIFORNIA HEE sa 
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@ Two billion dollars 
in completed Vitro engineering projects 
include 26 research and 
test facilities—19 nuclear... 
14 which incorporate hot cells. 
Both light and heavy water moderated types 
are among the 21 Vitro reactor projects. 
These responsibilities came to Vitro 
because its technical staff 
demonstrated competence and experience 
to complete the whole nuclear job 
from feasibility study to operation. @ 





Vitra 


VITRO ENGINEERING COMPANY /A Division of Vitro Corporation of America / NEW YORK » WASHINGTON «LOS ANGELES -TORONTO / OVERSEAS: GENEVA MILAN « BOMBAY 
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One of the toughest jobs facing any executive group is 
PRE-PRODUCTION PLANNING. You've got to keep pace with 
technology—weigh costs—standardize quality—anticipate profits. 
And you've got to do all these things before production begins! 


It pays to look at the special metals being processed 
at Wolverine Tube, Division of Calumet & Hecla, Inc. 


BEFORE YOU DECIDE! 


In process work, such metals as zirconium, columbium, titanium, tantalum, molybdenum and 
nickel alloys can be of major importance. 


For example, several of these have exceptionally high resistance to acid corrosion. Others have 
the ability to stand up under extreme high temperatures. Still others have exceptionally low 


neutron absorption. 


Although higher in initial costs, tubing and shapes extruded from these metals have the stamina 
to stand up under rugged operating conditions—contributing to substantial savings in replace- 
ment costs, reduced maintenance, longer life, uninterrupted production. Pre-production planning! 
Wolverine Tube’s experience and development research in this field are available to you. If your 
company handles chemicals—or uses heat transfer equipment—before you make any decision, 
talk to Wolverine. Pre-production planning again! 


WOLVERINE TUBE 


® DIVISION OF 
7}, Calumet Hecla, Inc. 


DEPT. D 17260 SOUTHFIELD RD., ALLEN PARK, MICH. 
Manufacturers of Quality-Controlied Tubing 4-9026 











PLANTS IN DETROIT, MICHIGAN AND DECATUR, ALABAMA. 
SALES OFFICES IN PRINCIPAL CITIES 
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McKinney Charges Atoms-for-Peace Fails, Asks New Setup 


The U. S.’ “atomic objectives have not been achieved in any substantial 
degree,” by the Atoms-for-Peace program, Robert M. McKinney told the 
Joint Committee on Atomic Energy in his fact-finding report on Ameri- 
can foreign atomic policy. To achieve U. S. objectives, McKinney 


urged that AEC organize its pro- 
grams for peaceful domestic ac- 
tivities in collaboration with other 
atomically-advanced nations in North 
America and Europe. He also rec- 
ommended establishment of two new 
international bodies—a Council of 
Atomic [Energy Commission] Chair- 
men, and a Conference of Atomic 
Laboratory Directors. 


Fears Not Realized , 

When McKinney was asked by 
JCAE Chairman Sen. Clinton P. An- 
derson last fall to study the U. S.’ 
foreign atomic policies and programs, 
many in the nuclear industry were 
concerned that the resulting report 
would urge Congress to write off U. S. 
nuclear export efforts (NU, Dec. ’59, 
20). McKinney had previously been 
outspoken in criticizing what he saw 
as the collapse of those efforts. 
When in the course of making his 
study McKinney assembled a num- 
ber of European nuclear laboratory 
representatives for background talks 
at Bellagio without Euratom repre- 
sentation, many friends of Euratom in 
Europe expressed further concern 
that McKinney’s report would attack 
or strive to undercut the six-nation 
nuclear pool (NU, June ’60, 20). 

The report as finally submitted to 
JCAE, turns out to do neither. It 
does not call for an end to atomic 
power construction projects in Europe; 
it asks an expanded U. S.-Euratom 
research effort, and its recommenda- 
tions are made in a constructive spirit. 
Mostly, however, it is a long recital 
of U. S. failures and missed opportuni- 
ties in the past six years—a sad tale 
that would delight a Democrat col- 
lecting campaign fodder. 

As a matter of fact, the report is 
meeting with a mixed reception in the 
Joint Committee which, because it is 
critical of the Administration, has 
agreed to keep the report under un- 
usually tight wraps until Congress ad- 
journs (see box). 


New Bodies Proposed 

The report asserts that the U. S.’ 
“atomic objectives have not been 
achieved in any substantial degree” 
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by the Atoms-for-Peace program. 

To achieve them, McKinney pro- 
poses the establishment of a Council 
of Atomic Chairmen—the heads of 
AEC and of “the principal national 
and regional atomic energy adminis- 
trations of North America and West- 
ern Europe”—to meet at least once a 
year to agree on peaceful atomic ob- 
jectives “in sufficient detail to provide 
guidance for the joint programmin 
of national and regional research ef- 
forts at the frontiers.” Along with it, 
McKinney proposed a Conference of 
Atomic Laboratory Directors, to work 
under the Council and, meeting at 
least twice a year, to agree on the re- 
search programs necessary to accom- 
plish the objectives set by the Council. 
The Council would be charged with 
agreeing, on a case-by-case a on 
the financing of international projects 
in such a way as to make the maxi- 
mum savings for each participant. 
The report lays great stress on the im- 
portance of government leadership in 
nuclear research and development “at 
the frontiers.” It asks a reorientation 
of research to these “frontiers” to aim 
at “truly low-cost” nuclear power and 
a corresponding reorientation of the 


entire peaceful nuclear program to- 
ward such research. 

It is extremely critical of U. S. 
performance vis-a-vis Euratom. “No 
competitive atomic powerplants are 
as yet in prospect of being built as a 
result of the joint program,” it de- 
clares. “No significant export mar- 
ket has been developed for American 
industry. The American reputation 
for sound technological, economic and 
political judgment and the strengthen- 
ing of Euratom which the U. S. 
sought have suffered.” 

Nevertheless the report does rec- 
ommend continued and _ even 
broadened cooperation with Euratom 
—as it does also for the International 
Atomic oe Agency and the 
European Nuclear Energy Agency, in 
both of which the U. S. role—or lack 
of role—was roundly criticized. As 
a matter of fact, each of these inter- 
national organizations would be tied 
into the new supranational bodies— 
the Council of Chairmen and the 
Conference of Lab Directors—that 
McKinney proposes as additional ap- 
paratus. In a sense the new bodies 
might in practice tend to replace 
IAEA, although the report urges 
specific roles for the U. S. in IAEA. 

Among other major faults laid at 
the door of the Administration for 
shortcomings of U. S. atomic results: 
that the economic goal set for atomic 
power was to be merely competitive 
—marginally—with fossil power, in- 





of the full committee. 


way or the other. 
end of it.” 


and unnecessary additional organs. 


anything that’s very constructive.” 





JCAE, Industry Reaction to McKinney Report is Lukewarm 


With the lid clamped tightly on copies of the McKinney report, reaction 
was limited—but what there was set no marks for enthusiasm. Sen. Bourke 
Hickenlooper, senior Republican on the Joint Committee, led the move 
against general release now, saying the report did not represent the views 


Said another senior JCAE member: “This report 
won't have much effect on atomic energy development here or abroad, one 


It'll just be submitted to the Committee and that'll be the 


Top atomic industry leaders polled by nucteonics weex on the report's 
conclusions and recommendations (which were reprinted verbatim: NU Wk, 
21 July "60, 2-3) found them generally idealistic, naive, and too strongly 
government-oriented. Particularly criticized were: confusion of the aims of 
atoms-for-peace (to help underdeveloped countries raise their standards of 
living) with nuclear disarmament; naiveté of the report’s contention that it 
was a mistake to set competitive rather than “truly low-cost, as low as 
waterpower” nuclear power as the goal (“this is semantic nonsense—obviously 
you push your technology to give you the lowest-cost power you can get”); 
and the emphasis on a stronger role for government at the expense of in- 
dustry. The proposed new international bodies were scouted as top 
A few felt it was healthy to have had 
the report, but most agreed with the view, “Frankly, I just don’t think there’s 
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stead of radically cheaper. To play 
an important role beyond the year 
2000, nuclear power “will have to 
offer distinct—rather than marginal— 
cost advantages as offsets to the price 
freedom and flexibility of conven- 
tional fuels,” the report declares, de- 
fining “truly low-cost atomic power” 
as “competitive with low-cost water- 
power.” The report also flays the 
Administration for not programming 
atomic research jointly with friendly 
countries and thereby spawning end- 
less duplication of effort; for mis- 
handling its relations with Euratom 
as well as with IAEA and ENEA,; for 
using bilaterals at cross purposes with 
all three; and for failure to do what 
might have been done to achieve di- 
version of fissionable materials to 
peaceful uses. 


Objectives and Participation 

The objectives of the U. S.’ inter- 
national policies and programs relat- 
ing to peaceful uses - atomic energy 
should be, according to the McKinney 
report: 

“Making possible the most effective 
utilization of free world scientific and 
technical resources; 

“Raising standards of living; and 

“Directing atomic materials to 
peaceful, rather than military, uses.” 

The report also recommends that 
the U. S. utilize existing bilateral and 
multilateral channels for peaceful 
atomic cooperation as follows: 

“(a) International Atomic Energy 
Agency. Continue to utilize the 
Agency for U. S. atomic assistance to 
less developed countries, and respond 
promptly to Agency technical assist- 
ance. requests; 

“Press for workable international 
safeguards procedures and atomic 
health and safety standards; 

“Develop the Agency as a forum 
for focusing world opinion on possible 
future violators of safeguards against 
diversion of peaceful atomic materials 
to military purposes; and 

“In concert with allies in a position 
to contribute, give consideration to 
placing uranium-235 and _ plutonium 
in Agency custody now for eventual 
distribution through the Agency. 

“(b) Bilateral agreements for co- 
operation. Furnish advice and assist- 
ance abroad through bilaterals only 
when international or regional groups 
cannot do so promptly, or when the 
United States or the recipient finds 
that Soviet participation makes 
Agency advice or assistance unaccept- 
able; and 

“Inform those nations which are 
outside the Council of Atomic Chair- 
men, but with which the United 
States has bilateral agreements, of the 
areas of research at the frontiers 
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PRINCIPALS IN McKINNEY STUDY: Left, Joint Committee Chairman Clinton Anderson 
(D-N. M.) and Robert McKinney, Sante Fe, N. M. 


which are being jointly programmed, 
and seek their advice on additional 
areas of interest to them, includin 
the possibilities for joint experimenta 
projec ts. 

“(c) European Nuclear Ener 
Agency. Become a full member of 
the Halden joint project in Norway 
and the Dragon project in the United 
Kingdom, originally sponsored by 
ENEA, coordinating related U. S. 
peaceful atomic research and eliminat- 
ing unwarranted duplication in the 
American program; 

“Consider ENEA as a mechanism 
for implementing new joint projects 
mutually agreed upon in the Council 
of Atomic Chairmen which are pri- 
marily of interest to Western Europe 
as a whole; and 

“Keep ENEA available as an alter- 
native channel for atomic assistance 
by North American and Western 
European nations to less-developed 
countries, in the event that Soviet 
obstruction makes the International 


Atomic Energy Agency unworkable 
for this purpose. 

“(d) Euratom. Broaden U. S.- 
Euratom cooperation in research at 
the frontiers, in addition to or in 
place of the near-term research activi- 
ties originally contemplated under the 
joint U. S.-Euratom atomic power 
program; and 

“Propose that the chief executive of 
Euratom be included in the Council 
of Atomic Chairmen, and that direc- 
tors of Euratom laboratories working 
at the frontiers of atomic research be 
included in the Conference of Atomic 
Laboratory Directors. 

“(e) Other regional atomic organ- 
izations. Work with the _Inter- 
American Nuclear Energy Commis- 
sion, and such other peaceful atomic 
regional organizations as may be 
formed, to define and meet realisti- 
cally the special needs of member 
states not served satisfactorily through 
the International Atomic Energy 
Agency. 


Appeals Court refuses rehearing on Fermi decision 
Washington’s Federal Court of Appeals refused last month to 


rehear the Fermi decision (NU, July ‘60, 1). 


AEC and Power 


Reactor Development Corp. said they would appeal to the Su- 
preme Court, which begins its next term in October (earlier story 


page 23). 


Westinghouse beats out GE for SENA reactor 
d'Energie 
(SENA) notified Westinghouse-Farmatome-ACEC on July 25 that 
it would get the contract to build a 210-Mwe pressurized-water 


Societe 


reactor near Givet, France. 


Nucleaire 


Franco-Belge des Ardennes 


General Electric was the other finalist. 


The contract is contingent on adequate insurance, arrangements 
for leasing U. S. fuels, and financing by the Belgian partner. 


Three firms bid on Antarctic reactor 
Alco Products, Combustion Engineering and Martin Co. said 
they submitted fixed-price bids last month to furnish a 1,500-kwe 
reactor to AEC for Mcmurdo Sound, Antarctica (NU, July ’60, 1). 
AEC promised contractor selection by Ang. 1. 
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Fermi ‘Compelling Reason’ Issue Argued by AEC, Unions 


The Fermi case went up, on a government rehearing appeal, to the 
full Federal District Court for the District of Columbia last month. As 
it did, a question vital to the reactor industry began to emerge: Did the 
decision handed down by two judges of this Court in June (NU, July 


60, 21) establish a new doctrine 
on the safety and siting of power 
reactors, or was the decision confined 
to the safety and siting of the Fermi 
reactor? The two-judge majority had 
used this language: 

“We think it clear from the Con- 
gressional concern for safety that 
Congress intended no reactor should, 
without compelling reasons, be lo- 
cated where it will expose so large a 
population to the possibility of a nu- 
clear disaster.” 

Is this a valid opinion, reflecting 
the intent of Congress? Was it meant 
generally or to apply only to the 
Fermi fast-breeder? If it is upheld 
on appeal, how will it affect the out- 
look for nuclear power? 

On this issue, the government and 
three labor unions were joined last 
month, and on its outcome appeared 
to hang the future of the Fermi re- 
actor and the reactor industry. All 
other issues of the case—and there 
are several others of considerable 
weight, including the legality of 
AEC’s issuing provisional construction 
permits—were essentially subordinate. 


AEC Appeals to Full Court 

The importance of this issue was 
underscored by AEC and the Justice 
dept. in the government's brief to the 
full 9-man Appeals Court. “This 
[compelling reason] ruling, with no 
basis whatever in the Act or in the 
record of the case,” the government 
argued, “would drastically curtail the 
government's program for the use of 
atomic reactors for peaceful purposes. 
We submit that it is bad science, bad 
sense and bad law... . 

“The government's power reactor 
program contemplates, and has ob- 
tained, the participation of utilities 
(both private and public bodies) 
and private industry; such participa- 
tion may often be feasible only within 
the utilities’ respective service areas. 
This has been achieved without 
hazard to public health and safety 
and we believe it can continue to be 
so conducted under a careful regula- 
tory program. 

“In contrast, the :decision of this 
Court would seem to compel all power 
reactor work (regardless of  safe- 
guards) to be done at remote loca- 
tions. Under this unnecessary con- 
dition, industry and utility participa- 
tion would be seriously curtailed.” 

As to Fermi itself, the brief noted 
that Power Reactor Development 
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Corp., its sponsor, had submitted ex- 
tensive material on the site to AEC. 
The Commission, it was pointed out, 
then made this formal finding: “There 
is reasonable assurance that the pro- 
posed site is generally suitable for a 
reactor of the type and size described 
in the application, if the reactor is 
otherwise shown to be capable of 
operation without undue risk to the 
public health and safety, including 
demonstrations of stability and ade- 
quate containment.” 


Union Reply 

The unions, attempting to confine 
the “compelling reason” language to 
their principal target in this case— 
the Fermi reactor, said in their reply 
to the government's rehearing petition 
that the government misinterpreted 
this language. 

“The [government] and PRDC,” 
the unions declared, “indignantly as- 
sert that the Court requires ‘compell- 
ing reasons’ to support the location of 
reactors near population centers, that 
all existing reactors may become the 
subject of controversy, that all power 
reactor work would have to be done 
at remote locations, and that there 
may be no more progress in this field. 
This near-hysteria could have been 
avoided by a more careful reading of 
the opinion.” 

The union brief contended that the 
Court did not base its decision on the 
“compelling reason” language, in any 
event, because it never reached that 
point. Rather, according to the 
unions, the Court found “clearly in- 
sufficient” AEC’s finding on the safety 
of the reactor itself; thus, the site 
question was never reached. 

However, the unions—for the sake 
of argument—were willing to assume 
that the Court meant to cover Fermi 
and other power reactors. If so, the 
union brief said, the “compelling 





Fermi in the Courts 


The schedule of court action in 
the Fermi case appears to be approxi- 
mately this: If the full Appeals Court 
rejects the government’s appeal for 
review by the full 9-man Court, such 
rejection will probably come quickly; 
if the petition for rehearing is ac- 
cepted then a fall decision is ex- 

ed. In either event, the loser 
will likely appeal to the Supreme 
Court, which begins its fall-winter 
term in October. 











reason” language was “fully justified.” 

“In the firs t place,” the brief con- 
tended, “the possibility of a nuclear 
disaster from a reactor the size of the 
PRDC reactor was explicitly admitted 
in a Commission report to the Joint 
Committee on Atomic Energy, even 
though that possibility was deemed 
to be remote a 1957 study of hypo- 
thetical major accidents]. 

“Secondly, it was the consensus, 
during hearings before the Joint Com- 
mittee [on the proposed 1954 Atomic 
Energy Act], pi t reactors would be 
placed ‘in a location that would be 
entirely safe, and . . . such delete- 
rious effects would not be had from 
the products that escape through 
flues and stacks and so forth, and 
pollution of streams and so on.’” 

“[The government] and PRDC seek 
to becloud the existence of this con- 
cern by citing a mass of irrelevant 
legislative history in which the sub- 
ject of safety was not being con- 
sidered. There is no basis for in- 


ferring from any of that history that 
Congress expected power reactors to 
be built close to metropolitan centers 
under circumstances which would 
create an undue risk to the health and 
safety of the public.” 


Provisional Construction Permits 


Another major issue of the case is 
that revolving about AEC’s policy of 
issuing provisional construction per- 
mits. The government said this AEC 
policy was authorized by the 1954 
Act, had since been “ratified” by 
Congress and “embodies scientific 
and administrative realities” based on 
“the present developmental stage of 
atomic power technology.” Unless 
such step-by-step approval of reactors 
projects is permitted, the government 
warned, every new reactor project 

“would be delayed several years. 

Union View. Once again, in their 
reply briefs, the unions accused AEC 
of giving general meaning to language 
which they alleged covered only the 
Fermi project. “The Court does not 
say, the unions argued, “that the 
Commission must make the same final, 
definitive and complete findings on 
safety for purposes of a construction 
permit as for an operating license. 
There is no such language in the 
Court's opinion, nor can such conclu- 
sion be fairly drawn from it... . 
What the Court correctly found to be 
fatally defective was the Commission’s 
failure to make a finding as to any 
assurance, at the time of the issuance 
of the construction permit, that the 
reactor can be operated without un- 
due risk to the health and safety of 
the public.” 
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Gen. Branch Says Ramjet Will Precede Rocket, Airplane 


General Irving L. Branch, head of the “Pluto” nuclear Ramjet pro- 
gram, is confidently predicting the “Atomic Stovepipe” will fly before 


either the nuclear rocket Rover or the manned nuclear aircraft. 


Branch 


said last month in an interview with NucLEoNics he knows of no prob- 


lems—technical or financial— 
which will keep Pluto from suc- 
cessfully completing nuclear test fight 
before 1964. He believes the rocket 
and the nuclear aircraft will follow 
close behind in 1965—in that order. 
Branch has responsibility for all three 
in AEC’s Reactor Development div. 

This rare, outspoken optimism at 
high quarters sabhy accounts for 
a rivalry which appears to be bud- 
ding over which U. S. reactor manu- 
facturer will take over this responsi- 
bility for the ramjet when the reac- 
tor’s developer—Lawrence Radiation 
Laboratory at Livermore—is ready to 
bow out. Westinghouse and General 
Electric are making signs that each 
wants the reactor contract. 

The nuclear ramjet is an air-breath- 
ing propulsion system designed to op- 
erate at three times the speed of 
sound (Mach 3); it would probably 
fly at high altitudes, then approach 
its bombing target at tree-top level. 
At such speeds and low levels it 
would be extremely difficult to de- 
fend against. 


“It's Going to Work" 

“I believe in the Pluto Project; it’s 
going to work, and it’s a good pro- 
gram,” Branch said. He also said 
the fiscal 1961 combined AEC-Air 
Force budget of $28.3-million was 
adequate. “We don’t need more 
money this year,” he said. 

Branch criticized the Air Force and 
Army practice of rotating their nu- 
clear reactor chiefs, hinting that the 
reason for Navy’s nuclear successes 
was largely due to their being under 
the control of one man (Adm. Hyman 
Rickover) for so long. Branch said 
he would continue in his present posi- 
tion as joint military-AEC head of 
Air Force reactors until Pluto proved 
out, “ . . . unless I’m fired.” 

He said work was progressing 
equally well on airframe and engine. 
On the airframe, Convair, North 
American and Chance-Vought re- 
cently completed studies for Branch. 
Also, C-V has spent $1-million of its 
own money on airframe work and in- 
tends to be ready for volume produc- 
tion when the time comes. Cur- 
rently, C-V has a small $600,000 con- 
tract with the Air Force for develop- 
ing navigational and guidance sys- 
tems generally, but which Branch 
says will also have specific application 
to Pluto for terrain-avoidance flight. 


24 


Beyond Proof of Principle 

Test schedule of the Tory II-A be- 
gins in November under the direction 
of Theodore Merkle, chief of the 
Pluto project at Lawrence Radiation 
Laboratory. Tory II-A is now looked 
on as a going, engineering-test reactor 
and no longer is called a proof-of- 
principle device. Livermore has the 
principal AEC contract to develop 
Pluto and Marquardt has the princi- 
pal Air Force contract for nonnuclear 
components (primarily the ramjet en- 
gine). Marquardt also has a small 
subcontract from Livermore to do sys- 
tems integration on the reactor being 
turned out at Livermore. 

Tory II-A is a direct-air-cycle re- 
actor; it is expected to be followed 
next year with Tory II-C, a higher 
power and temperature air-cooled re- 
actor with considerably larger air flow 
than II-A. The II-A core is fully- 
enriched uranium homogeneously 





Kiwi A-Prime Successful 


Second reactor in the Project 
Rover nuclear-rocket series—Kiwi 
A-prime—was successfully operated 
July 8 for about 15 min.; full-power 
run was about 5 min. A third unit, 
Kiwi A-3, will be tested at the 
Jackass Flats, Nev., site later this 
summer. 











mixed in beryllium oxide, with the 
core arranged so that air is ducted 
through passages along its length. 
About half the surface of the leading 
end of the core is devoted to air en- 
tries, some of them to be used as 
moderator rod shaftways. Diameter 
of the ducts is theoretically ideal at 
Yooth of the length of the core. 
Engineering problems of the reac- 
tor, once the test phase is entered 
this fall, are expected to be severe. 
Major problem is how to deal with 
the pressure drop of many thousand 
pounds per sq in. as the core trans- 
fers its heat to the air stream; the 
drop is expected to be at its worst 
between the core and rear nozzle. 
Thus, the most important engineering 
problem to be dealt with in the Tory 
II-A tests, it is felt, is this problem of 
how to hold the reactor in the air- 
frame in the face of unbelievable 
temperature and pressure variances 
between front and rear of engine. 
“You can’t just screw it down with an 
aluminum bolt,” an official joked. 


Pluto Funding 

AEC officials estimate that Pluto 
will fly its first mission for a develop- 
mental cost of $200-million; $64.3- 
million of this will have been com- 
mitted by the end of this fiscal year, 
$21.7-million of this by the Air Force. 
The Air Force, however, has not as 
yet placed any urgent requirement on 
Pluto as a needed military system. 
But this doesn’t worry Branch. He 
says his tendency is to look on Pluto 
as offering a means to a wholly new 
and different kind of propulsion. He 
sees Pluto as a vehicle upon which to 
launch new scientific knowledge and 
progress rather than a weapons sys- 
tem with a 25% pay load factor (con- 
ventional bombers, incidentally, are 
rated excellent if they can carry a 
bomb load equivalent to 10% of their 
weight). 


Reactor Industry Rivalry 

Branch says that if General Elec- 
tric were taken out of ANP—where it 
is prime direct-cycle contractor—he 
would be anxious to see it continue in 
the Pluto Program. “It would be 
very possible to have GE come into 
the Pluto program, for the direct- 
cycle engine work on ANP and Pluto 
is practically identical.” He said 
both fuel elements were beryllium- 
oxide and the only differences were 
slight—primarily metallurgical con- 
figuration. He pointed out that GE 
had done some fuel-element work for 
Livermore, enough “to show that GE 
has_ terrific capabilities.” Branch 
said that the technical problems en- 
countered in Pluto development were 
much simpler than those of ANP and 
pointed out that shielding was greatly 
reduced in the Ramjet by comparison. 

General Branch and Irving Hoff- 
man (who Branch says is his “vice- 
president in charge of Pluto”) con- 
firmed that Westinghouse wants to 
get into the reactor part of Pluto— 
possibly in a business connection with 
Marquardt. Also, industry sources 
have reported informal talks between 
Chance-Vought (entire system), Mar- 
quardt (ramjet) and Westinghouse 
(reactor). 

If the decision comes to let West- 
inghouse in, it would only be after 
the final research-development wool- 
gathering has been completed by 
Livermore and probably after the 
choice of who is to build the airframe 
has been made. Both decisions will 
come after the results of the Novem- 
ber Tory II-A tests are in. Westing- 
house again will find itself in a tough 
race with its old competitor, GE, in 
nailing down the Pluto reactor. 
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Ramjet Reactors May Be 
Big Business in Late ’60’s 


As Gen. Irving L. Branch reveals on the opposite page, 
the nuclear ramjet (Project Pluto) has come from an 
unheralded position behind the nuclear airplane and 
rocket to challenge these more publicized reactors for 
the distinction of being first in flight. If so, the reactor 
industry can look forward to another major military 
market in the second half of this decade. 

The nuclear ramjet is being developed for a ground- 
hugging, thrice-the-speed-of-sound weapons system with 
special value to the military in that it would maneuver at 
high altitudes for extended periods of time, then go in 
on target—-under radar screens—at supersonic speed. 

Its flight-safety problems have been likened to those 
of conventional missiles. The likelihood of a ramijet’s 
crashing and spewing radiation fragments can be re- 
solved, AEC officials pointed out, by flying it over water. 
“We'll push the explode button when it's over the ocean.” 


Firms active in the program include Marquardt Corp., 
ramjet and system integration; Atomics International, 
basic research-development; General Electric, fuel ele- 
ments; ACF Industries, test vehicles; National Carbon, 
carbide reflector; Brush Beryllium, beryllium oxide; Cur- 
tiss-Wright, BeO parts; and Bendix and Aeroquip Corp., 
special components. 


AT MARQUARDT CORP.'S JET LABORATORY (below) an 
engine mockup of Tory II-A, using a chemical heat source, 
was carried through thermodynamic tests. The actual reac- 
tor, in fall tests at Jackass Flats, Nev., is expected to provide 
engineering, thermodynamic and nuclear experience for 
advanced versions; core is about 10 ft in dia and length 
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ARTIST'S CONCEPTION (above left) AND DRAWING (above) 
provide a feeling for what the first nuclear ramjet might 
look like (about the size of a DC-3 airliner) and the con- 
figuration of the first reactor—Tory Il-A—in the develop- 
ment program 


TORY II-A TEST REACTOR (photos above and below) sitting 
on a flatcar like that to be used for moving reactor to and 
from test point at Jackass Flats, Nev.; note that reactor is 
considerably shorter than 40-ft car. Photo was taken re- 
cently at Livermore Radiation Laboratory, where tests pre- 
cede shipment to Nevada for test operation later this year 





RAI: Slow Starter Forges Ahead in Radiation Chemistry 


Within the last few months, Radiation Applications, Inc., of Long 
Island City, N. Y., has: 1. moved into a spacious headquarters building 
from two separate and considerably smaller quarters; 2. begun a joint, 
$200,000 research-development program with Oak Ridge National 


Laboratory on a promising metals- 
and chemicals-separation process; 
3. announced a partnership with a 
Pennsylvania wire firm for production 
of irradiated insulating wire—only to 
see its partner pull out; and 4. insti- 
tuted talks to find a new partner. 
This incomplete list of recent RAI 
developments serves to make two 
points: first, that RAI is riding on the 
crest of a surging wave of activity in 
radiation chemistry; and, second, that 
this ride has not been without its 
bumps—the collapse of its joint wire 
venture (NU, Feb. ’60, 28) coming 
as a particular shock. The company 
has come out of the “crisis,” however, 
more determined than it ever was to 
enter the irradiated-wire and -plastics 
business, preferably with a partner 
knowledgeable about the wire market. 
The incident is now part of the 
rather remarkable history of the five- 
year-old firm. For example, what 
other company can say it did prac- 
tically nothing for its first three years, 
with not a single full-time employee? 
The firm was founded in December 
of 1954 by six scientists and two 
attorneys with no dearth of capability 
and foresight. They saw a bright 
future in radiation chemistry but 
failed to follow through on this fore- 
sight until late in 1957. Late that 
year, the decision was reached to 
seek outside financing (original in- 
vestment was $100 each) and by the 
end of 1958 the company was on its 
way. At this point, not quite two 
years later, it employs 60 people (8 
times its employment 20 months 


ago), has built up an annual sales 
rate which is expected to reach $1- 
million this fall, and occupies a three- 
story, 30,000-sq-ft building under 
ten-year lease. 


Manpower Reservoir 

RAI's ability to accelerate from a 
sitting start stems entirely from its 
reservoir of technical manpower— 
both at the management and staff 
level. Of its eight founders, five are 
scientists of more than average repu- 
tation in their fields: Elmer L. Gaden, 
head of the Chemical Engineering 
dept. at Columbia Univ.; Bernard 
Manowitz of Brookhaven National 
Laboratory; Ernest J. Henley of 
Stevens Institute of Technology; V. 
Lawrence Parsegian, dean of engi- 
neering at Rensselaer Poly; and 
Joseph Silverman of the Univ. of 
Maryland. 

Silverman, Henley, Gaden and 
Manowitz constitute an active staff of 
consultants and all but Manowitz are 
directors. The other directors: Mon- 
roe Pofcher, RAI president and board 
chairman; Attorney Irwin E. Schlus- 
sel, secretary-treasurer; Edward C. 
Sargent, president, Zirconium Corp. 
of America; Hugh J. Casey, secretary, 
Schenley Industries; Robert Stillman 
of the Payson & Trask brokerage 
firm; Arthur Rock of Hayden, Stone 
& Co., also a brokerage firm; and 
Bruno Puetzer, director of research, 
Schenlabs Pharmaceuticals. Schenley 
and the two Wall Street firms are 


RAI Bean Becomes Beanstalk in 18 Months 


IN OCTOBER OF 1958, the entire 8-man staff of Radiation 
Applications, Inc., posed in front of RAI's then headquarters 
(left), a building about the size of a small supermarket. 


26 


represented because they have an in- 
terest in RAI—-Schenley holding 30% 
ownership, the others 84% between 
them. The rest of RAI’s stock is 
held by its eight founders. 


Current Business 


What is RAI doing and for whom? 
Its biggest customer, by far, is the 
government; of its current business of 
about $800,000 a year, $650,000- 
675,000 is in government contracts. 
A partial listing of these pretty much 
describes RAI's major interests and 
capabilities: 

1. Jointly with ORNL’s Chemical 
Separations group (and sponsored by 
AEC’s Reactor Development div.) a 
$150,000 contract to develop RAI’s 
foam-separations process for separa- 
tion of cesium and strontium from 
fission-product waste streams. The 
joint effort got underway July 1, with 
about $200,000 budgeted for the first 
year. The foam process holds prom- 
ise for separation of other nuclear and 
nonnuclear materials, as well. RAI 
also has a $42,000 contract from 
AEC’s Office of Isotope Development 
(OID) for isotope purification with 
the foam process. 

2. Other OID contracts: about 
$90,000/yr in OID support for re- 
search-development of large fission- 
product beta sources; about $50,000/ 
yr for research-development on radia- 
tion-grafting of inorganic salts and 
organometallic substances to organic 
polymers. RAI also has a $35,000 
OID contract on radiation effects on 
plastics, including work on reducing 
by as much as 90% the radiation dose 
requirements for plastics processing. 
Another program on radiation-induced 
graft copolymerization is sponsored by 
the Air Force ($60,000). 


> tae 


Eighteen months later, the company was rapidly filling a 
three-story, 30,000 sq ft building with 60 employees (45 
of them at right}—and the work force was still growing 
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3. Other research-development pro- 
grams: membranes (irradiated and 
unirradiated) for the Interior dept.’s 
water-desalinization program ($38,- 
000); for Euratom, diffusion of fission- 
product noble gases through fuel- 
element claddings ($38,000); for the 
Air Force, a contract on activation 
analysis and other radiochemical pro- 
cedures and a contract on high-tem- 
perature adhesives; and for the Army 
Ordnance Corps, dosimetry of pulsed- 
neutron sources. 

4. Design and fabrication of nu- 
clide irradiators for the Univ. of Dub- 
lin (cesium-137) and Brooklyn Poly- 
technic Institute (cobalt-60). 

RAI’s foam-separation program is 
one of its most important—because of 
its general metal-extraction potential, 
as well as its promise of nuclear versa- 
tility. It works this way: To a solu- 
tion of metal ions is added a complex- 
ing—or chemically binding—surface 
agent. The agent tends to concen- 
trate the complexed ions at the surface, 
or to turn the solution from all-liquid 
to all-surface. The foam is formed 
by introduction of an inert gas into 
the solution. 


RAI's Future 

Where is RAI going? There is 
rarely a sure answer to this question 
for any firm but these are some goals 
as outlined by President Pofcher: 1. 
stabilize the staff at about 200 (“We 
want to be a small du Pont” in radia- 
tion chemistry); 2. in partnership 
with firms in other fields, create as 
many as six subsidiaries to manufac- 
ture RAI-developed products in these 
fields (“These subsidiaries, rather 
than limiting themselves to a single 
product, would be competent in an 
area of the economy which might uti- 
lize several RAlI-developed _prod- 
ucts”); and 3. establish overseas sub- 
sidiaries or other arrangements for the 
marketing of nuclide sources and 
other RAI products. 

“Our main reason for being in 
business,” Pofcher explained, “is to 
develop processes and products. As 
a small company we are trying to 
work out arrangements with compa- 
nies in particular fields to nes, 
these products so we can take advan- 
tage of their existing facilities—know- 
how, sales force and so on. We will 
actively participate ourselves so that 
we get a piece of the company rather 
than licensing royalties. . . . 

“This is the goal of RAI—and it 
looks like it’s within reach. If we 
can do this, it would be with a rela- 
tively small dilution of the equity. 
We have parlayed $800 quite a long 
way so far.” 
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Lockheed Accepts Irradiated Polyolefin for Polaris; 
3 Firms Reveal Development of New Irradiated Plastics 


News from four points on East and 
West Coasts last month told the story 
of a burgeoning irradiated-plastics in- 
dustry. At Sunnyvale, Calif., Lock- 
heed Aircraft said it had accepted ir- 
radiated polyolefin wire for large-scale 
use in the Polaris missile. At Spring- 
dale, Conn., American Machine & 
Foundry said it had perfected an ir- 
radiated membrane for water-purifi- 
cation and -desalting systems. At 
Princeton, N. J., Western Electric dis- 
closed development of an irradiated- 
polyethylene insulating wrap for elec- 
tric cable. And at Gardena, Calif., 
the MIMX Corp. announced perfec- 
tion of a family of irradiated polyole- 
fins for use primarily in weapons and 
missiles systems. 

Polaris missile. Reporting on a 
special, 90-day review of both ir- 
radiated and nonirradiated wire avail- 
able for the Polaris missile’s electronics 
system, Lockheed officials said they 
had accepted _ irradiated-polyolefin 
wire developed by Raychem Corp., 
Redwood City, Calif., for shielded 
wire applications in Polaris. Teflon, 
they said, will be used where con- 
ducting wire does not have to be 
shielded. 

Requirement for the two types of 
wire was for about equal amounts of 
each, they said, with irradiated wire 
possibly having an edge. For fiscal 
‘61 the budget for purchase of ir- 
radiated wire, Lockheed said, was be- 
tween $2- and $2.5-million. Single 
qualified supplier as of last month 
was Raychem; however, Lockheed 
has a “Second Supplier Program” un- 
der which it is evaluating the ir- 
radiated wire of other companies such 
as Suprenant Co. of Clinton, Mass. 


‘Fully Complies’ 

A Lockheed determination that 
“the wire fully complies with pro- 
curement specifications” was made 
with the help of a special task force 
established to review the Polaris wire 
situation four months ago. Had the 
decision gone against irradiated wire, 
it would have been a serious setback 
in its use in ballistic missiles. With 
a favorable decision, according to 
Lockheed officials, the missile market 
for this material is expected to expand 

not only for hook-up wire but in 
other forms such as splicing material 
and coaxial cable wrap. 

Ironically, the then likelihood of a 
negative Polaris decision was the 
major reason Carlisle Corp.'s Tenso- 
lite Wire subsidiary advised Radia- 
tion Applications, Inc., several weeks 


ago that it was pulling out of their 
joint irradiated-wire venture—Irra- 
diated Insulations (opposite page). 

For shielded hook-up wire, the 
irradiated material is preferred pri- 
marily because Teflon cannot be 
molded onto multi-conductor cables. 
A new version of Teflon (FEP), 
however, is moldable and Lockheed 
expects to test this material for 
Polaris. If it is accepted, officials 
said, it would probably share the 
shielded-wire requirement. 

Irradiated membranes. AMF’s Re- 
search and Development div. has 
quietly developed an irradiated mem- 
brane for water-treatment systems. 
It is produced by the radiation graft- 
ing of one plastic onto another. 
Trademarked Amfion the material has 
been used for the past year in a 
British-designed plant purifying the 
entire water supply for the city of 
Tobruk, Libya. 

Economics appears to have been 
an important factor in AMF’s selection 
of an irradiated material. “Radia- 
tion,” an AMF official pointed out, “is 
not as expensive as some people 
think.” AMF refused to state cate- 
gorically which plastics are being 
used, but it was noted that polyethy- 
lene grafted onto styrene produces “a 
satisfactory material.” 

Western Electric. This supplier to 
the Bell Telephone System has de- 
veloped an_ irradiated-polyethylene 
sable wrap with exceptional tempera- 
ture and tensile characteristics. The 
company is now conducting an eco- 
nomic survey looking to a decision on 
whether to install its own irradiating 
equipment or “farm out” the irradia- 
tion to a service firm. Western Elec- 
tric is a prospectively huge user of ir- 
radiated insulation. 

MIMX Corp. A __ six-month-old 
California firm, MIMX Corp., has be- 
gun marketing ordnance devices— 
such as solid-fuel igniters in missiles 
—using heat-shrinkable, irradiated 
polyolefins. The irradiated material, 
officials said, has superior strength, 
lightness, temperature and _ ease-of- 
application characteristics = which 
makes it clearly preferable to other 
plastics. Sales of the devices em- 
ploying the material have totalled 
$50,000 since the company was estab- 
lished early this year, with predicted 
sales of $200-300,000 by year end. 

MIMX (memory installed material 
in X quantities) is an affiliate of Ray- 
chem Corp., whose resonant trans- 
formers are used for irradiation of 
MIMX products. 
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Small Reactors to Have Own ‘Ten-Year Program’ 


A detailed evaluation of the pres- 
ent status and the potential of small 
power reactors, analogous to the ten- 
year program carried out last year for 
full-scale power reactors, is being con- 
ducted by AEC’s Division of Reactor 
Development. Also included in the 
study—but on a less detailed basis 
are low-temperature and high-tem- 
perature — heat reactors and 
chemonuclear reactors. 

DRD was looking in July at pre- 
liminary reports from the several 
firms assigned to study reactor con- 
cepts, and was expecting second 
drafts at the end of July. A final, 
composite report will be ready for 
publication around year’s end. 

AEC made an effort to select dif- 
ferent contractors from last year's 
panel to study the reactor types. 
Only Westinghouse, on pressurized- 
water reactors, and Atomics Interna- 
tional, on organic-moderated, are re- 
peaters. The others: boiling water, 
Allis-Chalmers, Washington; boiling- 
water with nuclear superheat, Allis- 
Chalmers, Milwaukee; heavy water, 
NDA; sodium-graphite reactors and 
fast reactors, APDA (Atomic Power 
Development Associates); gas-cooled, 


General Atomic and General Nuclear 
Engineering Corp.; low-temperature 
process heat, Martin. 

Kaiser Engineers will do the cost 
normalization—the role filled by Sar- 
gent & Lundy last year. 

Specific plant design sizes being 
looked at are 10 and 40 Mwe nomi- 
nal (actually, 12.65 and 44 gross, 
preferred standard sizes for genera- 
tors). Aim of the study is to assure 
that AEC’s research program covers 
those areas applicable to small re- 
actors. Presumably information de- 
veloped on small plant economics 
would be of special interest to munic- 
ipal utilities whose costing systems 
differ from those of privately-owned 
utilities. 

Coverage of the three types of 
process reactors is described as a pro- 
gram to inform the process heat in- 
dustry of the potential uses for such 
reactors in that field. Their state of 
development being so much less ad- 
vanced, the studies will be aimed 
here primarily at outlining the prob- 
lems and surveying the road still to 
be traveled. This is particularly 
true of the high-temperature process 
heat and the chemonuclear reactors, 


Chinon Reactor Complex Rising Fast Despite EDF-1 Delay 


Mid-1960 found France's state- 
owned public utility, Electricité de 
France—just like almost everyone else 
with a power reactor program—lag- 
ging behind its catgut construction 
schedule for the three-reactor instal- 
lation now rising on the banks of the 
Loire at Chinon. 

EDF-1, set back more than a year 
by a cantankerous steel pressure ves- 
sel, is now tentatively tagged for 
“early 1961” criticality. This date is 
anything but firm. After the troubles 
they ran into last year welding the 
4.2-in. thick steel plates (NU, Dec. 
59, 26), EDF engineers are a little 
queasy about setting a firm date for 
completing the reactor. 

Once the pressure vessel is success- 


CHINON'S TWO PLANTS: EDF-2 at 


left, 
massive heat-exchanger towers (the reactor will nestle in a 
small centrally-located sphere); and EDF-1 at right, sitting 
in a saucer, just visible, that will form the bottom of the 
containment sphere that will enclose the entire single heat- 


fully welded, EDF sees clear sailing 
ahead for its first power reactor. Ex- 
cept for the reactor—a 68-Mwe net 
gas-cooled, graphite-moderated unit— 
the plant is practically completed. 
Because of the EDF-1 pressure ves- 
sel setback, EDF now expects to 
bring the second Chinon reactor on 
the line a year after EDF-1 instead of 
18 months later as originally planned. 
With a 200-odd Mwe net output— 
three times that of EDF-1—EDF-2 
rates as the first real attempt in 
France to get reasonably competitive 
nuclear power. Work on the EDF-2 
installation is well along; the four 
concrete block-houses for the heat ex- 
changers are completed and the first 
two exchangers are going into place. 


with its four 


exchanger tower. 
exchanger (compare photo NU, Aug. ‘58, 21). 
plants are adjacent: EDF-2's pump house on artificial cool- 
ing-water canal, bottom center in left photo, is seen at top 
right of right-hand photo. 


where the problem is one of technical 
feasibility, rather than just a costing 
problem as in the case of the low- 
temperature machine. 


DRD Using 3-Lab ‘Brain Trust’ 


Meanwhile, the Division of Reactor 
Development is continuing a system 
of getting technical assistance in re- 
actor planning and evaluation from 
experts at three national labs, headed 
by Leonard Link at Argonne, William 
Robba at Brookhaven, and James A. 
Lane at Oak Ridge. Aim is to harness 
the experience and knowhow in 
specialized disciplines available at the 
laboratories. 

These experts have nothing to do 
with policy setting or contract selec- 
tion, but advise whether proposals, 
cost estimates, etc., are technically 
sound or not. The assignments are 
so diversified that in many cases they 
are farmed out to specialists depend- 
ing on their nature; others are carried 
on full-time over extended periods. 
Recent surveys or evaluations they 
have done for DRD include one on 
direct conversion, another on chemo- 
nuclear reactors (both Brookhaven), 
another on breeding (ORNL). 


Know-how gained from EDF-1 should 
make the welding job, which looms 
as EDF-2’s big problem, less sticky. 

Design characteristics for the third 
Chinon reactor are not yet firm. Like 
the other two, EDF-3 will be gas 
cooled, graphite moderated, and 
natural uranium fueled. But it will 
have greater capacity, somewhere be- 
tween 350 and 500 Mwe. For this 
reactor, EDF may select a prestressed 
concrete pressure vessel (as in the 
French governments 30-Mwe G-2 
and G-3 at Marcoule). Selection of 
concrete or steel and cylindrical or 
spherical shape will be made early 
this fall. Construction start is not 
yet scheduled; the reactor is slated to 
go on the line in 1965. 


The reactor will be located behind heat 
The two 





REACTOR 


ESUPRA MAY BUY REACTOR IN FALL 

Empire State Utilities Power Resources Assn., founded 
last fall (by seven New York utilities supplying 98% 
of the state's power) to study the most efficient means 
of supplying the state’s future power needs, is heading 
to a decision by this fall on purchase of a 300-Mwe 
or larger reactor plant. ESUPRA’s technical staff has 
been calling in reactor manufacturers to present their 
wares: first Westinghouse and General Electric to de- 
scribe their ~300-Mwe water units available now for 
1964-65 completion; then half-a-dozen or more firms on 
a number of concepts that would be available in 2-3 
years with modest technical advances. ESUPRA is in- 
terested only in very large reactors yielding modern con- 
ventional steam conditions. The technical staff will re- 
port to the Executive Committee early in September on 
the results of its comparisons. Meanwhile, the Execu- 
tive Committee is studying the business aspects—financ- 
ing, siting, organization for operation, power distribution 
among ESUPRA members, etc. 


SIXTEEN MORE SUBMARINE REACTORS 


The biggest annual number of nuclear submarine con- 
struction starts yet was voted by Congress just before 
its recess when it appropriated funds for 16 more A- 
subs—the 38th through 53rd for the U. S.’ growing 
nuclear Navy. Instead of voting three fully-funded Po- 
laris-firing subs plus long-lead procurement for nine 
more to be fully funded next year (NU, May ’60, 20), 
a House-Senate conference committee voted five fully- 
funded ships and advance starts on seven others. And 
instead of one fully-funded attack-type A-sub, the com- 
mittee voted four. All 16 will use Westinghouse SS5Ws. 


DRESDEN AT POWER, YANKEE NEAR CRITICAL 


Dresden reached 180-Mwe full power June 29 in a 
non-sustained demonstration run. Plant rformance 
tests at one-quarter, half, three-quarters and full power 
followed. . . . Yankee started loading fuel two weeks 
later, and was expected to go critical about the end of 
July. It got an interim license for testing up to 5 Mwth. 


GE TO BUILD LOS ANGELES REACTOR 


AEC chose Los Angeles Department of Water & Power 
to get the 50-Mwe eatcthote pam boiling water reactor, 
and General Electric to build it. LADWP’s bid (made 
jointly with Pasadena Municipal Light & Power Dept.) 
was one of only two made (NU, June ’60, 18). The 
plant will be built on a 1,100-acre site near Saugus, 
Calif., 30 mi north of Los Angeles’ City Hall. An ad- 
vance on the 25-Mwe Compact Boiling Reactor No. 1 
designed for GE’s Operation Sunrise (NU, Nov. ’58, 19; 
March °59, 64), the reactor will be noteworthy for hav- 
ing internal steam separation: there will be no steam 
drums outside the reactor vessel. This feature, AEC 
said, will be used as a prototype for extrapolation to 
a 300-Mwe reactor design. Fuel will be 3%-enriched 
uranium oxide clad in stainless-steel tubes; an attempt 
will be made to reduce costs by using long nonseg- 
mented rods of oxide instead of pellets. A special 
scheme has been designed to flatten power distribution, 
either by use of burnable poison, or by spiking each 
uranium bundle with a thorium rod. Control rods will 
be bottom-mounted and hydraulic driven, as at Dresden. 
Cooling will be forced circulation. Steam at the throttle 
will be 550° F, 1000 psi saturated. Containment may 
be conventional or pressure-suppression type. Con- 
struction schedule is 36 months long, with completion 
at end of 1963 and regular operation early in 1964. 
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The reactor, ae first core, will cost AEC $12.5- 
million; the $10-million conventional end will cost 
LADWP and Pasadena $5-million each. 


PRESSURE SUPPRESSION OK’D FOR HUMBOLDT 


The Advisory Committee on Reactor Safeguards ac- 
cepted—with minor modifications—the pressure-suppres- 
sion containment system proposed by Pacific Gas & Elec- 
tric Co. for its General Electric reactor project at 
Humboldt Bay, Calif. The approval came shortly after 
PG&E had reported complete success of its tests, re- 
quired by ACRS, on this new containment method. 
( Pressure-suppression—quenching the vapor-pressure re- 
sulting from any rupture in the primary system— 
promises lower containment costs through use of thinner 
steel containment envelopes.) PG&E had built a $100,- 
000 facility—a “sth segment of a full-scale system—to 
test the concept. The favorable finding by ACRS means 
that pressure-suppression may be used in other reactors 
as well; it is called for in a 277-Mwe (net) reactor GE 
has proposed to PG&E for Bodega Head, Calif. 


BONUS TRYING NEW CONTAINMENT TYPE 


Another approach to lower-cost containment is that being 
tried out by General Nuclear Engineering Co. and 
Jackson & Moreland in the BONUS (BOiling NUclear 
Superheat) reactor for Puerto Rico. This is to use a 
very large dome (165-ft dia), so large in volume that 
in case of a rupture in the primary, maximum pressure 
would be low enough to be contained by a thin-walled 
steel structure. Maximum design pressure is about 4.5 
psia. The designers say over-all cost will be cheaper 
than would be a smaller dome of heavier steel. More- 
over the dome will contain all components of the plant, 
significant for an experimental direct-cycle plant. Con- 
struction is to start this month at Punta Jiguero, Puerto 
Rico, with criticality due in December 1962. 


























BONUS REACTOR COMPONENT ARRANGEMENT: A = reactor; B = 
water shield; C = shield; D = circulating water pump; E = pool- 
cooling heat exchanger; F— boron tank; G = 3,000-gal de- 
mineralized water tank; H = emergency condenser; K — turbine; 
L = cond ;hM= d te pumps; N = moisture separator 


SIX BIDS EXPECTED ON BARGE REACTOR 


The Army Corps of Engineers has set an August 18 
deadline for bids from either shipyards or reactor manu- 
facturers on a 10-Mwe barge-mounted “proven” reactor 
(NU, July ’60, 21). Industry sources estimated the 
apni cost at $12-15-million, and said the bidding 
ine-up was likely to include: Westinghouse with Elec- 
tric Boat, with New York Shipbuilding, and with Ingalls; 
Martin with Maryland Drydock; Allis-Chalmers with 
Sun Shipbuilding; and Alco with Todd Shipyards. 
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British Program Cutback Confirmed 


A government White Paper confirmed a cutback in 
Britain’s nuclear power program (as forecast, NU, March 
’60, 26), from 6,000 Mwe to 3,000-4,000. Sizewell and 
Dungeness would be the last stations to be laid down 
in the original program, cutting the number of stations 
from 12-14 to seven, and the over-all budget from 
$1,484- to $1,148-million. Given as the reasons for the 
cutback are the coal and oil glut and exaggerated pre- 
dictions of increases in power demand. 





Two U. K. Consortia Merging—Again 


General Electric Co.Simon Carves Atomic Energy 
Group and Atomic Power Constructions Ltd. announced 
their intention to merge, three months after they had 
announced that earlier efforts toward a merger had been 
abandoned owing to failure to find a satisfactory formula 
for merger. Original agreement to submit proposals 
jointly was made last October, with termination of nego- 
tiations following this March (NU, Nov. ‘59, 29; April 
60, 29). One official said, of the present decision, 
“This is a marriage, not an engagement.” A new holding 
company will be formed to give effect to the agreement. 
The move follows in the wake of the merger of the 
Nuclear Power Plant Co. and the AEI—John Thompson 
Nuclear Energy Co. to form The Nuclear Power Group 
The number of consortia is thus reduced from five to 
three, with the Babcock & Wilcox—English Electric- 
Taylor Woodrow combine the remaining unmerged 


group. 


TNPG Gets Dungeness Project 


The Nuclear Power Group has been chosen to build the 
550-Mwe Dungeness station, Britain’s sixth civilian nu- 
clear power station. Contract value is undisclosed, but 
a TNPG spokesman told NucLEonics “it will be un- 
der £100/kw,” which would mean a total of less than 
$154-million for the two-reactor station. Site work will 
begin this month, the first reactor will be completed 
in 1964, and the entire plant in 1965. Design efficiency 
of the gas-cooled, graphite-moderated, magnox-clad 
(Calder-type) plant is 32.9%. 








Britain Offers to Join Euratom 





Negotiations have begun in London between govern 
ment officials and ambassadors from the six Euratom 
nations following Britain’s formal declaration of will 
ingness to join the European Atomic Energy Com- 
munity. Foreign Secretary Selwyn Lloyd said the offer 
to join Euratom (and the Coal-Steel Pool) was a genuine 
one “to demonstrate the fact that we feel ourselves to 
be a part of Europe.” Discussions are expected to be 
lengthy, and to hinge on the political aspects of possible 
British membership in two of the six-nation communities 
without membership in the third, the Common Market 
For her part, Britain’s changed attitude toward the two 
communities appears to be entirely political: there is no 
indication that any initiative has been taken by the 
U. K. Atomic Energy Authority. 


Russia, India in A-Power Agreement 





India and the Soviet Union will shortly sign an agree 
ment for cooperation in the peaceful nuclear field, 
Homi J. Bhabha, India’s atomic chief, told wNvu- 
CLEONICS’ Moscow correspondent on conclusion of 
his two-weeks’ tour of Soviet nuclear facilities. Russia 
will participate in design and construction of one of two 
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150-Mwe natural-U power reactors India is planning; 
the Indian AEC would invite world bids on the other 
shortly. Bhabha hopes to have one in operation by the 
end of 1964, the second soon thereafter. Ground rules 
Bhabha says he will insist on: 50-75% of the required 
equipment will be manufactured in India; controls over 
enriched uranium—as required by the U. S.—will be 
accepted, but no deal will be accepted involving control 
over hardware, as envisioned in the International Atomic 
Energy Agency’s draft safeguards convention. 


G-2 Shut Down after Gas Leak 


France’s big gas-cooled G-2 reactor at Marcoule was 
shut down when a leak occurred July 6: a joint between 
the loading mechanism and a fuel canal ruptured. The 
gas that escaped was under normal operating pressure 
of 220 psi but only slightly radioactive; there were no 
injuries to personnel and no contamination of the reactor 
hall. The reactor was halted and emptied of CO: 
coolant. A spokesman for the Commissariat a Energie 
Atomique said the accident was strictly mechanical and 
that G-2 would not remain shut down for long, but 
would not indicate when CEA expected to get it back 
on the line. G-2 produces 88 lb/yr Pu plus 30-35 Mwe. 





Canada to Decide on Organic Reactor Soon 





A decision on building OCDRE—Canada’s projected Or- 
ganic-Cooled, Deuterium-moderated Reactor—is_ ex- 
pected soon, James Lorne Gray, president of Atomic 
Energy of Canada Ltd., told a research committee of the 
House of Commons. Reports on chemical engineering 
and metallurgical problems of OCDRE are due this 
month from Chalk River scientists; preliminary design 
work is being carried out by Canadian General Electric. 
If AECL management is satisfied with the report, they 
will recommend government approval of OCDRE and 
its location at the new research center to be built at 
Whiteshell, Man. Final design could start next spring 
and initial field work in summer of 1962. 


Mambucaba Plant Schedule Sketched 





Schedules for Brazil’s Mambucaba power reactor plant 
(NU, June ’60, 26) have been worked out. Invitations 
for world-wide bidding are now being drawn up, will 
be issued at the end of September. Bidders will then 
have ten months, to July 1961, to draw up proposals 
but they must signify intention to bid by December 
1960. Five months—from August 1961 to year’s end 
will be spent studying proposals and selecting the win- 
ner. The first six months of 1962 will be occupied with 
contract negotiations. Construction will then start im- 
mediately on a 4%-year schedule, for plant completion 
by the end of 1966. Brazil's Nuclear Energy Commis- 
sion has already moved into the site; land, sea and air 
access facilities to the mountainous, fjordlike place are 
already under study, and test borings were begun two 
weeks ago. The coastal site, near the mouth of the 
Mambucaba river 85 mi west of Rio de Janeiro, is 
strategically located to serve Brazil’s economically most- 
advanced central-southern region, which is chronically 
power-short despite having 78% of the country’s generat- 
ing capacity. A new company to be set up next year 
to build and operate the plant will be primarily govern 
ment-owned (51% minimum, perhaps 60-65%), with pri- 
vate industry owning the rest. British groups have al- 
ready offered to provide financing—if a British proposal 
should be selected; the Export-Import Bank of Wash- 
ington has also said the project is “bankable.” 
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Forum Asks Member Endorsement of Meeting Policy 


The Atomic Industrial Forum has gone to its member- 
ship for a vote of confidence in its decision earlier this 
year to reject an offer of the Engineers Joint Council 
to co-sponsor one major nuclear meeting and exhibition 
annually (NU, June ‘60, 27). In a near-militant man- 
ner, the Forum made these points in a letter and ques- 
tionnaire to its members: 1. that it had had almost unani- 
mous backing for its decision early in 1959 to pull out 
of the Nuclear Congress; 2. that the recent Congress at 
New York’s Coliseum had the “smallest” attendance “since 
these meetings and exhibits began in 1955”; 3. that an 
“essential responsibility” of AIF and the American Nu- 
clear Society—the “only two membership organizations 
which are engaged solely in the atomic field”—is “to hold 
meetings’; and 4. if EJC follows through on plans to 
hold a 1962 Nuclear Congress “the multiplicity of meet- 
ings on atomic energy will, of course, be continued.” 
“At the Forum's board of directors’ meeting in Wash- 
ington on June 23,” the letter disclosed, “the subject of 
nuclear meetings and exhibits was again discussed. Our 
conclusion was that industry's interests can best be served 
through the AIF-ANS meetings and exhibits arrangement 
[now in effect]. At its annual meeting in Chicago 
earlier this month, the ANS rejected an EJC proposal to 
take on the management of the technical conference to 
be held in conjunction with the roposed 1962 Nuclear 
Congress. In light of the conden reached by the 


board of directors of the Forum and ANS we plan to 
proceed in accordance with the AIF-ANS coordinated 
plans. . . . We hope you share this view. We will 
very much appreciate it, however, if you will let us 
know, through the attached questionnaire, whether you 
agree or disagree with the position we have taken.” 

The letter was signed by all 17 Forum directors pres- 


ent at the June meeting. 


Senate Committee Boosts AEC Budget for Fiscal ’61 
The Senate Appropriations Committee, looking gener- 
ously on AEC’s budgetary needs for the new fiscal year, 
voted $2.6-billion for the Agency last month—$16.9-mil- 
lion more than the House had approved and $600,000 
more than AEC had requested. Several important pro- 
grams were affected: 1. the full $73-million sought for 
the Aircraft Nuclear Program was approved (the House 
had cut it to $58-million); 2. $13-million was voted for 
Antarctic reactors (NU, July "60, 21)—the House had 
not considered this item; 3. the full $4.5-million re- 
quested for the Office of Isotope Development was 
approved (the House had okayed $4-million); and 4. 
$1.5-million was provided for research and radiation labs 
at the Universities of Illinois and Notre Dame. 

The Committee’s action must be reviewed by the full 
Senate when Congress reconvenes this month, then all 
differences with the House version must be ironed out 
by a House-Senate conference committee. In restoring 
the ANP cut, at the urging of AEC and the Joint Com- 
mittee on Atomic Energy, the Senate Committee com- 
mented: “The Committee recognizes that large sums 
have been spent on this program and that it is difficult 
to determine whether to more actively pursue the direct 
cycle [General Electric] or the indirect cycle [Pratt & 
Whitney] (NU, July ’60, 22)... . In the meantime, 
the Committee believes the full amount of the estimate 
should be available, to allow the Commission to pursue 
this program without limitation.” According to AEC, 
the $73-million will be divided this way: $41,500,000, 
direct cycle; $27,500,000, indirect cycle; and $3,950,000 
for general support work at Oak Ridge National Lab. 
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Alco, Martin, Combustion Bid on Antarctic Reactor 


AEC received at least three—and “apaawe dl no more— 
bids last month on a 1,500-kwe light-water reactor for 
McMurdo Sound, in the Antarctic (NU, July, ’60, 21). 
AEC staffers went into virtual seclusion immediately 
after the July 18 deadline with the avowed aim of mak- 
ing contractor selection by Aug. 1. These firms said 
they filed bids: Alco Products and Martin Co., pres- 
surized-water; Combustion Engineering, boiling-water. 


House Unit Asks NASA to Consider Speeding Rocket 


The House Committee on Science and Astronautics 
called on the National Space and Astronautics and 
Space Administration last month to consider nuclear 
rocketry as a means of “leap-frogging” the Soviet Union 
in space propulsion. The Committee also urged NASA 
to take over from the Air Force by the end of this 
month its Project Orion—General Atomic’s development 
program for using nuclear explosives to propel space- 
craft; the Committee disclosed that Orion had been in 
danger of abandonment this month until the Air Force 
decided to make $1-2-million available from another 
project to carry it through next June 30. 

In its nuclear-rocket recommendation, the Committee 
noted that NASA was considering the grouping of huge 
chemical rocket engines (its Nova concept), as the next 
step beyond the eight-engine Saturn rocket. “Before 
substantial funds are committed on the Nova ‘concept, 
however,” the Committee suggested, “consideration 
should be given by NASA to determining whether a 
nuclear engine either by itself or in combination with 
the more conventional engines now in use or con- 
templated, does not offer a faster and more economical 
method of achieving a breakthrough that would enable 
the U. S. to leap-frog the Soviet Union in the field of 
space propulsion.” 


Luedecke Re-affirms AEC’s Land-burial Waste Policy 
AEC’s land-burial waste-disposal program has been re- 
affirmed by General Manager A. R. Luedeck in a letter 
to Coastwise Marine Disposal Co., Long Beach, Calif. 
AEC’s recent announcement that low-level waste could 
be shipped for disposal to Oak Ridge and the National 
Reactor Testing Station, Idaho, had come under attack 
by Coastwise, Nuclear Engineering Co., Pleasanton, 
Calif., and Isotopes Specialties div. of Nuclear Corp. of 
America (NU, July ‘60, 30). In effect, these s 
complained that the switch from ocean to land disposal 
for low-level wastes put AEC in direct competition with 
them. 

In his letter to Coastwise, however, Luedecke as- 
serted that the need for long-term precautions “related 
to health and safety aspects of ground burial operations 
indicate that such long-term responsibility must rest in 
a government entity.” He also commented: “It should 
be pointed out that all AEC licensees, by virtue of their 
license, are authorized to transfer licensed radioactive 
materials. It is the view of the Commission that 
licensees who are qualified by training, experience, fa- 
cilities and equipment to use radioactive material are 
also qualified to package the waste resulting from such 
use. 

Luedecke sweetened his message to the waste-disposal 
firms a little bit by assuring them there would be font 
of business for their processing, packaging, collection 
and shipping services in the land-disposal program. 
Nuclear Engineering has proposed to AEC that it be 
permitted to establish its own land-burial site for low- 
level wastes in California. 
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RADIATION NEWS 


All Bids for Co” Facility Rejected by Walter Reed 
Walter Reed Medical Center last month threw out all 
12 bids for a mice-guinea pig irradiator it would like 
to buy (NU, May ’60, 30). WRMC officials said they 
would issue a new bid invitation before the month was 
out. The bids were rejected primarily because of trouble 
with stainless-steel as a proposed flux-flattener. In its 
letter notifying the bidders of across-the-board ——- 
WRMC explained: “. . . the use of various thicknesses 
of steel, ranging from % in. to 1% in., reduces unreason- 
ably the primary spectrum of cobalt 60. The 1% in. 
steel eliminates about 40% of the primary cobalt-60 
energy (1.17 and 1.3 Mev) and increases the relative 
amount in the lower energy — This perturba- 
tion indicates that the energy distribution within the ex- 
posure chamber will not be homogeneous and may lead 
to serious difficulties in the interpretation of biological 
results.” 


Mines Bureau Irradiator Clears Major Obstacle 


The General Accounting Office—Uncle Sam's auditor— 
has given the Bureau of Mines a favorable opinion on 
a question which had threatened to delay construction 
of the Bureau’s proposed 100,000-curie cobalt-60 irradia- 
tor (NU, May ‘60, 30). GAO ruled that the Bureau 
did not have to get specific approval from Congress for 
extra expense anticipated for radiation shielding not in- 
cluded in the original estimate. With GAO clearance 
in hand, the Bureau is now expected to go ahead with 
construction of the irradiator at either its Albany (Ore- 
gon) Metallurgy Research Center or its research center 
at Schuylkill Haven, Pa.; the former is currently favored 
for the facility. 

Talks with architect-engineers have gotten underway 
and a construction start is expected as soon as all internal 
financing arrangements have been completed; estimated 
cost is $300,000, with AEC contributing the 100,000 
curies of cobalt-60. Preliminary design, according to 
the GAO ruling, calls for a 50-ft source well topped by 
a radiation chamber of 6 ft dia and 50-in. walls T heavy 
density concrete. The facility will be used for research 
on metals, coal and petroleum. 


Army, AEC Select Sites for Food Irradiators 


Major irradiation facilities for both the military and 
civilian food-irradiation programs (NU, Apr. 60, 31) 
are i gpece to be located in Massachusetts, government 
officials said last month. The Army Quartermaster 
Corps, after study of several sites, was expected to an- 
nounce that its new Food Irradiation Facility will be 
built at Natick, Mass., site of a major QM research 
center. The Natick facility will include a 1-megacurie 
cobalt-60 irradiator designed by Curtiss-Wright and a 
24-Mev, 18-kw linear electron accelerator built by 
Varian Associates. Meanwhile, AEC officials said the 
first irradiator in the new Civilian Food Irradiation Pro- 
gram would probably be installed at Massachusetts In- 
stitute of Technology. The 25,000-curie cobalt-60 
source will first be assembled and test-operated at Brook- 
haven National Laboratory this fall, then disassembled 
for removal to MIT. The MIT program, under Samuel 
Goldblith, is expected to emphasize low-dose irradiation 


of fish. 


Martin Assumes Control of Nuclear Corp. of America 

A “substantial” interest in Nuclear Corp. of America, 
Denville, N. J., and Burbank, Calif., was acquired last 
month by Martin Co. Industry sources said Martin pur- 
chased 38.5% of Nucor’s stock and acquired options on 
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stocks and debentures sufficient to boost Martin’s interest 
to over 50%. Martin purchased stock and debentures 
formerly held by interests headed by C. W. Englehard 
of Englehard Industries. George Bunker, board chair- 
man at Martin, refused to discuss specific reasons for the 
acquisition, except to say: “The companies have a com- 
mon interest in the nuclear and electronics fields and be- 
lieve that a close working relationship . . . is desirable. 
Exactly what form that relationship might take is now 
being studied.” 

Nucor has sustained substantial losses in recent years, 
with an estimated Federal tax-loss position now of about 
$2-million; however, its first quarter was nominally profit- 
able and a full year’s profit has been | sarees for 1960. 
Sales last year were $1.8-million; prediction for this year 
is just under or at $3-million. 


Instrument Executives Schedule 2nd Forum Meeting 


The latest attempt to form a trade association by the 
radiation-instrument industry is expected to rise or fall at 
an Aug. 24 meeting of industry executives at the New 
York offices of the Atomic Industrial Forum. The pos- 
sibility of establishing a special Forum committee deal- 
ing only with this industry's problems was discussed at 
an earlier meeting in late June. All previous attempts 
to establish an industry-wide group have failed (NU, 
May ’60, 23). 


Notes on RIDL, Radionics, High Voltage, RDI 

Radiation Instrument Development Laboratory expects 
to make its first public stock —— this fall, company 
officials disclosed. Enough stock will be issued in a low 
price range to raise about $1l-million for expansion; the 
company recently moved all but its production opera- 
tions into a new building at North Lake, IIl., but further 
expansion is contemplated for next year. Through its 
first 10% years of existence, all RIDL stock has been 
held by President LaVerne Hartzer and his wife. . . . 
A 50% interest in Radionics, Inc., Norristown, Pa., sup- 
plier of radiography equipment, has been purchased by 
Branson Instruments, an ultrasonics company in Stam- 
ford, Conn.; Radionics said it would use much of the 
capital put up by Branson to develop a new product 
line outside the radiography field . . . High Voltage 
Engineering Corp. was expected to get a formal order 
in late July or early August for the huge high-intensity 
microwave linear accelerator it will build for the National 
Bureau of Standards (NU, Apr. 60, 31). The machine 
will produce electron beams at continuously variable 
energies from 10-100 Mev, with ability to accelerate to 
150 Mev; beam power is 40 kw. HVEC may use am- 
plitrons, rather than klystrons, for power supply because 
they promise greater efficiency, stability, simplicity and 
economy. . . . Radiation Dynamics has received its 
fifth radiation-machine order since April: a 1-Mev posi- 
tive ion and electron accelerator for delivery by Oct. 31 
to the National Aeronautics and Space Administration, 
Langley Field, Va. 


F3P Returning to Service This Month 


AEC officials said last month that the Fission Product 
Pilot Plant (F3P) at Oak Ridge is expected to go back 
on stream this month and will operate on a 7-hr, 24-day 
basis at least for the rest of this fiscal year. Its feed 
source at ORNL—the Thorex processing facility—is still 
out of service, however, and it will depend primarily on 
Hanford and Idaho “wastes.” Bids for industry con- 
struction of two huge casks to carry Hanford feed to 
ORNL are expected to go out soon. 
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NEW oousLe-oury RcL NEUTRON ACTIVATOR produces 
radioactive isotopes and performs non-destructive 
complex analysis in minutes 


The RCL Neutron Activator, which consists of a wheel-mounted 
source cabinet and a control chassis, generates 14.1 Mev. neu- 
trons by the H? (d,n) He‘ [Tritium (Deuteron, Neutron) Helium] 

reaction. The target is guaranteed to provide a minimum of 10* 
neutrons per second, for at least 100 hours. It is easily replaced 
and never needs cleaning. Neutron output is pulsed and may 
be continuously varied from 10 to 100 pulses per second. 


Pictured Below: 


Neutron Activator Source Cabinet, RCL 128 Channel Scaler-Analyzer, 
Dual-Purpose Iron Shield and Detector, and Neutron Activator Control 
Chassis. To operate, appropriate shielding is required for source cabinet. 


OPENS NEW AVENUES OF RESEARCH 


The RCL Neutron Activator System has a broad spec- 
trum of uses, extending from the production of radio- 
active isotopes and neutron activation analysis to the 
study of transients in reactors and neutron multiplying 
systems. It enables the scientist to economically produce 
in his own laboratory many isotopes which normally can- 
not be used because of short half-lives. 

Neutron activation analysis greatly simplifies and short- 
ens the time required for standard qualitative and quanti- 
tative chemical analysis techniques. In addition, since it 
is non-destructive, it may be readily automated for rou- 
tine production control. 

The RCL Neutron Activator can determine 1000 ppm of 
oxygen or 500 ppm of copper in a 1 gram sample. Sensi- 
tivity increases almost linearly as sample mass increases. 
For example, in a 200 gram sample as little as 10 ppm of 
oxygen can be determined non-destructively. Most ele- 
ments in the periodic table can be quantitatively deter- 
mined with this technique. 











aluminum aluminum and copper 











FASTER, MORE EFFICIENT SAMPLE ANALYSIS 
The spectra above show the presence and relative amount of 
copper in an aluminum-copper sample. These spectra are typical 
of the results obtained in sample analysis when RCL’s complete 
Neutron Activation Analysis system is used. 

A 54 gram aluminum sample was placed atop the neutron gen- 
erator target and irradiated for three minutes. The sample was 
then transferred to the Nal detector inside the iron shield. One 
minute counting time yielded two photopeaks; containing approxi- 
mately 15,000 counts @ 0.843 Mev. and approximately 4,500 counts 
@ 1.05 Mev. 

The procedure was then repeated with a 64 gram aluminum and 
copper sample (approx. 10 gram Cu. and 54 gram Al.). The gamma 
ray spectrum then showed a third photopeak of approximately 
9,000 counts, due to copper, at 0.511 Mev. 


For additional information write RCL, Dept. N, today. 


RADIATION COUNTER LABORATORIES, INC. 


5121 West Grove « Skokie, Illinois, U.S.A. « ORchard 3-8700 
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THE TMC 256- 
CHANNEL PULSE 
ANALYSIS SYSTEM 





#220 DATA HAND- 
LING UNIT usable as 
an active timer, event 
counter and readout 
device ...effective or 
actualcountingtimes 
may be selected from 
0.1 to 999.9 minutes 
in 0.1 min. steps... 
manual, semi- or fully 
automatic operation, 
destructive and non- 
destructive readout. 


PULSE HEIGHT 
ANALYSIS — #210 
plug-in... built-in lin- 
ear amplifier, pulse 
generator...10-74us. 
dead time... +0.5% 
linearity 


The Model CN-110 
digital computer as- 
sembly...only 84" 
high...weighs 30 Ibs, 
with plug-in... oper- 


TIME-OF-FLIGHT 
MEASUREMENT 
#211 plug-in... 
built-in delay of 
0,1,2,3 times ad- 
dress cycle... 
choice of 9 chan- 
nel lengths from 
0.25 to 64us.... 
automatic chan- 
ne! advance 











ONE BENCH-TOP INSTRUMENT... 


ates on 25 watts 

















a 





Becomes a different pulse analyzer every time you change the logic 


ith just one CN-110 in your laboratory you 

have 256 channels of the pulse analysis you 
need — whether it’s pulse height, time-of-flight, 
pulsed neutron or a special program. When you 
plug in the logic network, the instrument be- 
comes a ready-to-use analysis system for that 
program. And you can change them in the time it 
takes to loosen a thumbscrew. Total weight is 
only 30 lbs., all circuits are transistorized—mak- 
ing this today’s most versatile, compact pulse 
analyzer for research, field work or regular lab- 
oratory use. They are now in production and 
deliveries are being made. 
THE BASIC UNIT IS A COMPLETE DIGITAL COMPUTER With 
all the circuitry for a 256-channel magnetic core 
memory and has the advantages of completely 


PULSED NEUTRON MEAS- 
UREMENT — #212 plug-in... 
analysis channel lengths from 
10 to 2560 us.... 10 us. storage 
time... (a high speed arith- 
metic scaler is supplied with 
the CN-110 at no extra charge 
when the 212 unitis purchased 
with it) 


enclosed, plug-in memory... choice of memory 
sub-groups... pushbutton data transfer... in- 
stantly selected analog, binary or digital readout. 


FOR DATA HANDLING, a readout instrument has 
been designed specifically for use with the CN-110. 
The compact #220 data handling unit can be 
used as a live-timer during data gathering and 
as a readout system afterward. The #220 can be 
used with various types of paper tape printing 
and punching instruments. 

Other readout devices that you can use with the 


CN-110 include strip chart and X-Y recorders, 
magnetic computer tape, punched paper cards. 


Write for the new 6-page bulletin which contains 
complete details of the CN-110 and all accessories. 


TECHNICAL MEASUREMENT CORPORATION Tie 441 WASHINGTON AVE., NORTH HAVEN, CONN. 
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Whatever your reactor material needs 
may be, the Davison Division of W. R. 
Grace & Co. has a complete selection 
of uraniu 
oxides. Look to Davison for assistance 
with A.E.C. licensing, shielding as- 
semblies and scrap recovery. Contact 
Davison now for complete information. 


m or thorium metals and 


ie 


ellie 


32H bd 


ini 1 
MMO Sof 
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Natural or enriched . . . powder, 
pellets, rods, ingots, buttons or 
derbies . . . in precise grades... 
in all enrichments .. . hi 


Davison in tonnage quantities. 





DEPARTMENT A-08 


w.r. GRACE aco. 


DAVISON CHEMICAL DIVISION 
ERWIN, TENNESSEE 
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Tires that last tem years . . . 
Foods that don’t need 
refrigeration... 

Tougher plastics . . . 


these products of the future are 
subjects for experimentation today. 
Many industries and research 
institutions are now looking to 
cobalt 60 gamma irradiation as 
the key to new horizons. 


Photo courtesy Textile Research Center, School of 
Textiles, North Carolina State College, Raleigh, N.C. 


ye some roo GAMIMACELL 220 


with source strengths to suit your purpose 


IT’S PROVEN — Already in use in several countries IT’S SAFE — By construction, it is inherently safe to 
and in many fields of research. operate. Overexposure would have to be deliber- 


ately planned. 
IT’S SELF-CONTAINED — No auxiliary shielding re- 


quired . . . Buy it as just another piece of laboratory IT’S SIMPLE — No complex electrical equipment to 
equipment. Easy to move to a new location as a break down. Any technician can readily operate it 


change in plans requires. with minimum instruction. 


FOR FULL DETAILS ON THE GAMMACELL 220, KILOCURIE COBALT 60 
OR OTHER ISOTOPE EQUIPMENT, PLEASE WRITE TO: — 


ATOMIC ENERGY OF CANADA LIMITED 


COMMERCIAL PRODUCTS DIVISION 
P.O. BOX 93 OTTAWA, CANADA 59-1 
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Instruments on Foxboro- 
designed Console indicate, 
record and control reactor 
temperatures, flow, steam 
generator level, pressures, 
conductivity, as well as 
computing Btu’s. Pressur- 
ized-water type reactor 
was designed and built 
by Alco Products, Inc., 
Schenectady, N. Y., for 
the U. S. Army Corps of 
Engineers. 


Snow-Millers are cutting tunnels to connect various facilities of 
Camp Century. Under-ice equipment will be fully protected 
from Arctic environment. 


Instrument reliability a must at 


A complete community, buried 24 ft. under the ice — 
this is the U. S. Army’s Camp Century, now under con- 
struction on the Greenland icecap, 800 miles from the 
North Pole. 

The Foxboro-instrumented nuclear power plant — 
built on 10 separate skids — will provide power for the 
remote base. Its core of uranium will produce a year’s 
supply of steam and electricity before refueling. 

For this installation, where reliability is so critical, 
dependable Foxboro electronic Consotrol* instruments 
were specified. 100% solid state — no vacuum tubes to 
replace — instantaneous response. Instruments have been 
performance-proved to operate down to —20F, and to 
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24 ft. deep tunnels are covered permanently with metal strips. 
Powdered snow, blown back over them, forms roof of tunnel. 


this Army base in Greenland 


withstand storage temperatures as low as — 50F. Foxboro 
console can be easily operated by one man. 

Foxboro electronic Consotrol instruments are especially 
suited for nuclear power control systems. Ask your 
Foxboro Field Engineer to show you the reasons why. 
Or write for Bulletin 1-17A. The Foxboro Company, 
628 Neponset Avenue, Foxboro, Massachusetts. 

*Reg. U.S. Pat. Of. 
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for clear display of: 


Single-shot nuclear events *° 


Fast dicde turn-on ° 


Avalanche transistor waveforms ° 


Tunnel diode waveforms 


Recovery time of fast diodes * High-speed circuit response * Transistor switching waveforms + Radio frequency waveform 
' 


2 nsec/cm 


Switching and storage times in fast 
transistors and diodes can be meas- 
ured using the outstanding character- 
istics of the Type 519. In this typical 
diode-recovery-time waveform, the 
upper trace is +45 ma reference, the 


5 nsec/cm 


The Type 519 Oscilloscope is an in- 
valuable tool for testing active or 
passive widebond circuits. In this 
wideband amplifier waveform little 
or no correction is necessary for the 
inherent risetime of the oscilloscope 


TEKTRONIX FIELD OFFICES: Albuquerque, N 
Ohio e 
@ Minneapolis, Minn 
Calif 
TEKTRONIX ENGINEERING REPRESENTATIVES: How'thorne Elect P nd eg . 


middie trace shows the diode turn- 
off, and the lower trace shows the 
diode shorted. 
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TEKTRONIX 


KNMC OSCILLOSCOPE 

















CAREER OPPORTUNITIES now exist at Tektronix in 
the following fields: Instrument design, Circuit design 
and engineering, Cathode ray tubes, Electron physics 
Solid state and semi-conductor devices. For information 
write to Irving Smith, Personne! Director 


Tektronix, Inc. 


P. O. Box 500 * 
Phone Mitchell 4-0161 * TWX—BEAV 311 


Beaverton, Oregon 
* Cable: TEKTRONIX 


Denver, Colo. e Detroit (Lothrup Villoge, Mich.) « Endicott 4 N reensboro, N.C. « H 
e New York City Areo (Albertson, L.! tomford n 
* San Francisco (Palo Alto, Calif.) 


© St, Petersburg, Fla. « Syr LY Toronto (Willowdale, Ont 


In Europe please write Tektronix inc., Victoria Ave., St. Sampsons 


SEE THE TYPE 519 AND OTHER NEW TEKTRONIX 
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ton, Mass 
uston, Texas 
* Orlando, Flo. « Philadelphio, Pa. « Phoenix 
’ Canade « Washington, D.C 


Mex. « Atlonta, Go. « Bolt e (T A * 8 exing 


Guernsey C.1., 


INSTRUMENTS AT WESCON, BOOTHS 817 AND 818 


Type 519 
DC to over 1000 Megacycles 
24-kv Accelerating Potential 


The new Tektronix Type 519 Oscillo- 

scope is a calibrated high-speed labora- 

tory instrument designed for observation, 

e measurement, and photographic record- 

ing of fractional nanosecond risetimes. A 2x6 cm 
viewing area coupled with 24-kv accelerating poten- 
tial affords bright displays with excellent definition. 

Performance features include: passband from dc to 
beyond 1000 mc, risetime less than 0.35 nsec, sensi- 
tivity of 10 v/cm, linear sweeps to 2 nsec/cm, sweep 
delay to 35 nsec, and a sensitive wideband triggering 
system. All features are fully compatible with the 
signal bandwidth capabilities of the instrument. The 
single unit houses a fixed signal delay line, a con- 
venient sweep-delay control, a pulse-rate generator, a 
standard amplitude and waveform generator, and 
electronically-regulated power and high voltage sup- 
plies. Only two connections are necessary for normal 
operation—signal input and power cord. 

Combining simple operation with laboratory pre- 
cision and reliability, the Tektronix Type 519 Oscillo- 
scope is ideally suited to single-shot or random 
nuclear events. In addition, the extreme bandwidth 
of the Type 519 permits application to general 
measurements where oscilloscope risetime must be 
much faster than signal risetime. 

PRICE, Type 519 $3800 


f.o.b. factory 


Please call your Tektronix Field Engineer for com- 
plete specifications and a demonstration of the 
Type 519 in your own applications 


Cleveland, Ohio « Dallas, Texas « Dayton 
Colif., area (East L.A., Encino, West L.A.) 
* Poughkeepsie, N.Y. « San Diego 


} © Buffalo, N.Y. e Chicago (Park Ridge, Ill.) « 
e Kansas City (Mission, Kan.) « Los Angeles 
Scottsdale, Ariz.) 
Annondale, Vo.) 

Tektronix is represented in twenty 


versea untries by qualified engineering organizations 


for the address of the Tektronix Representative in your country 
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Pre-Engineering by KAISER ENGINEERS 
answers basic plant expansion questions... 
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* all . 
Profitab i i ity ? Faced with the decision to expand your plant facilities, you 


should first determine whether all elements combine to form a pattern of future profitability. 
Independent analysis of all aspects of your proposed program is the Pre-Engineering service offered 
by Kaiser Engineers. The studies and evaluations furnished by KE Pre-Engineering represent only 
one phase of total KE services. Kaiser Engineers designs and builds all types of power plants— 
steam-electric, gas turbine, combined cycle, nuclear and hydro-electric. From Pre-Engineering 
° through design and construction, Kaiser Engineers provides complete one-company service and 


ingenuity based on years of experience. 
Se" 
Kaiser 
evomeers KAISER ENGINEERS °aintscing since 12 


Oakland 12, Calit. — Chicago, New York, Pittsburgh, Washington, 0.C. 


Accra, Buenos Aires, Montreal, New Delhi, Rio de Janeiro, Sydney, Vancouver, Zurich 6229-P 


Nuclear Graphite Notes from 





NATIONAL 


CARBON 


COMPANY 


DIVISION OF UNION CARBIDE CORPORATION, 270 PARK AVENUE, NEW YORK 17, N.Y. 
OFFICES: Birmingham, Chicago, Houston, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco. In Canada: Union Carbide Canada Limited, Toronto 








NO OTHER MATERIAL 
HAS SO MANY USEFUL 
NUCLEAR PROPERTIES 


@ EXCELLENT STRUCTURAL MATERIAL 
@ RESISTS CORROSION 

@ RESISTS THERMAL SHOCK 

@ EASILY FABRICATED 

@ HIGH MODERATING QUALITIES 


@ STRENGTH INCREASES WITH 
TEMPERATURE RISE 





PRECISELY MACHINED GRAPHITE 
FOR THERMAL COLUMNS 





Photo shows inner wall of an 11 foot 
long graphite thermal column. 
Graphite was chosen for this installa- 
tion because it is an excellent moder- 
ator of neutrons with low capture 
cross section. 

This wall has 30 major blocks; the 
other 4 walls have 144 accurately 
machined blocks each. In all, 1300 
precision machined graphite pieces 
are included in this thermal column. 
Close tolerances were held in ma- 
chining each piece. 
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Many Universities are now using 
Graphite Moderated Training Reactors 


Dr. E. F. Leonard, director of Laboratory Work for Columbia University, inserting a 
neutron source of plutonium-beryilium obtained from the Atomic Energy Commission. 


A recently conducted survey shows 
that many universities throughout 
the country are using graphite ex- 
ponential piles for training the sorely 
needed nuclear engineers of tomor- 
row. The survey also points out some 
of the advantages associated with 
graphite which are not found in other 
types of subcritical piles. 

Graphite offers longer neutron dif- 
fusion (approximately 50 cm) and 
permits wider fuel rod spacing to 
assure accurate flux measurements. 
Also flux distortions are easily de- 
termined in graphite piles. 

The structural and machineability 
features of graphite permit students 
to design and construct the pile. 
There are abundant experimental 
data and procedure history available 
on graphite (it’s the oldest type of sub- 
critical reactor) which permit more 


“National"’ and ‘‘Union Carbide’ are registered trade-marks for products of 


NATIONAL CARBON COMPANY 


time for advanced experiments rather 
than basic fundamental experimenta- 
tion. 

A graphite pile also offers con- 
siderable flexibility. It is easy to 
change configuration, to introduce 
voids, to accurately position samples, 
and the pile can be operated as either 
a bare or reflected system. 


Dr. T. J. Thompson, professor of Nuclear Engi- 
neering at M.I.T., removing a plutonium-beryllium 
neutron source from the subcritical nuclear 
reactor. 


UNION 
CARBIDE 
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STROMBERG -CARLSON 
s oivision of GENERAL DYNAMICS 


1496 N. GOODMAN STREET ¢ ROCHESTER 3,NEW YORK 
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A TALENT 
FOR MODULAR 
NUCLEAR 
CONTROL 
SYSTEMS 


1. SOLID STATE DESIGN 


Fail-safe operation; resistance to shock and 
vibration—microphonics eliminated; short re- 
sponse time; reduced power requirement; re- 
duced size, high stability; drift characteristics 
for 1,000 hours at constant temperatures: Log 
count rate: Ye decade or + 2% of full scale meter 
current; Period: + 2% of full scale meter cur- 
rent; Log N: 4% decade or less than + 2% of full 
scale meter current; Power Range: + 1% of full 
scale meter current. 


2. MODULAR CONSTRUCTION 
Plug-in, interchangeable modules; self-test and 
fault location circuitry; simplified design for 
maximum reliability. 


3. EASE OF MAINTENANCE 


AND SERVICE Technicians are readily 
trained to correct faults. Trouble is pinpointed 
in seconds, and plug-in, interchangeable mod- 
ules can then be replaced within minutes. 


CURRENT PROJECTS include 
pressurized water, fast breeder and gas-cooled 
reactors—for marine power, portable power, 
central power, and research applications. 


Brochure with data sheets and 
photographs on request. 


Engineers and scientists with 
experience in reactor controls 
interested in joining this ex- 
panding program may contact— 
Manager of Technical Person- 
nel. 





: LINER MOTOR... 


Pumps for Packaged Reactors 


In addition to the strict requirements for extreme 
reliability under continuous operation, all packaged 
reactor equipment must be designed for 
compactness, portability, and ease of maintenance 
during scheduled shut-downs. 

As more portable power reactors go into operation, 
Byron Jackson will continue to furnish pumps to 
their rigid specifications, 





Since 1872 





MECHANICALLY- 
SEALED 


2 Proven BJ Pump Designs 
provide identical performance 


for the APPR-1A Project! 


Both primary reactor coolant pumps for the 
APPR-1A have identical performance—are inter- 
changeable—yet are entirely different in design 
concept! 

Furnished by Byron Jackson for the extremely 
rugged environmental service of the Army’s 
Packaged Power Reactor Program, one pump is 
a BJ Liner-Motor, and the other a BJ Mechani- 
cally-Sealed unit. 

Shown at the left is the Liner-Motor Pump dur- 
ing a 200 hour hot loop test in Byron Jackson’s 
laboratory. To the right is the Mechanically- 
Sealed Pump after completion of assembly in BJ’s 
special “clean room” facility. 

Both will operate at 7150 gpm, handling pres- 
surized water. 

In addition to the APPR-1A Project, BJ is fur- 
nishing the primary coolant pumps for the Pre- 
Packaged, Semi-Mobile, Ice Cap Nuclear Reac- 
tor Project! 

Byron Jackson Nuclear Pumps are going into 
service on all types of reactors. Our Nuclear 
Engineering Department and research facilities 
are available to help solve your special problems! 
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Byron Jackson 


Pumps, Inc. 


Subsidiary of Borg-Warner Corporation 
P.O. Box 2017A, Terminal Annex, Los Angeles 54, Calif. 








BERYLLIUM: successful resistance weld! 


This photomicrograph is visual proof that beryllium can be resistance welded. Extensive tests 
at the Budd Company indicate useful sheet metal products can be fabricated from beryllium. 
Work with beryllium at Budd includes successful hot rolling, brake forming, deep drawing, braz- 
ing, resistance welding, arc spot welding, arc welding, cleaning, machining and hot shearing. 


Creating structures—thru the use of promising new metals and alloys—and making these 
concepts practical realities has been a Budd specialty for 30 years. Write today for further 


information. The Budd Company, Philadelphia 32, Pa. 


SPACEATOMICS fF y A iA 
GOMER owision 
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Now, for the first time, automatic analysis of radioactive 





samples with counting rates as low as 2-3 cpm 


Low level C-14, P-32, and Sr-90 samples, pre- 
viously unmeasurable with automatic equip- 
ment, can be counted with high precision in 
Nuclear-Chicago's new Low Background Auto- 
matic Sample Changer. Unwanted interfering 
background has been reduced to only 2 counts 
per minute by extensive shielding and a unique 
“‘guard”’ which eliminates cosmic ray counts. 
High sensitivity is achieved by use of a new 
‘‘Micromil'’® window gas flow detector. 





The low background permits a substantial cut in 
the amount of labelled reagent required in tracer 
work and greatly reduces measurement time. 
The entire system can be left unattended and 
printed data collected when convenient. And— 
if you already have a Nuclear-Chicago Automat- 
ic Sampler Changer, you can convert it at mod- 
est cost into the new Low Background Changer. 
For full information, please ask us to send our 
Bulletin C-115. 
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nuclear-chicago 


CORPORATION 


345 E. Howard Ave., Des Plaines, Iilinois 





SATELLITE or SPACE PROBE 


a RIDL Model 34-13 
ae Thirty -Two Channel Pulse Height Analyzer 
Sz 
eee : 


® for acceleration °* for temperature 
© for vibration © for vacuum 


© for spin ® for flight 


Completely Transistorized 


tested to the utmost . . . to bring you the utmost in reliability and 
miniaturization. The RIDL Model 34-13 is a complete laboratory instrument 
capable of analyzing pulses of varying amplitude, derived from a variety 
of radiation detectors . . . of storing data for short or extended periods of 
time . . . and of relaying information through repeated or redundant 
readout to a telemetering system. Data is then cleared from the memory 


in preparation for a new cycle of analysis, storage and readout. 


Weighs Only Three Pounds 


adaptable .. . to a wide variety of field applications 

1 watt, miniature 32 channel pulse height analyzer, 750 cubic inches . . . 
a flight instrument for balloon or sounding rocket . . . a mobile instrument 
for well logging, field radiation analysis, testing of radioactive sludges and 
radioactive mineral processing end-products . . . an analyzer for neutron 
activation analysis in the field, and general radiochemical identification. 


Storage capacity of the memory is 2" counts per channel. 





The Mode! 34-13 is another of the NEW line of instruments designed ond 
developed by RIDL. Whatever your instrumentation problem, RIDL has the 
solution. Our stoff is always available to answer your inquiries. Write today 
to Department 58 for complete information. 











i. —— evel alan y 
NaC talion « nstrument ; CUE opment a oratory. =F hile 


61 EAST NORTH AVENUE © NORTHLAKE, ILLINOIS 
PHONE: MUrray 1-2323 * Cable Address: RADILAB 
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Sole source 


of 


magnet cores 
for the 4 


major 


One of 246 magnet j 
B-L-H for the Brookhave : 
bileler-l mm lelele-bicla'm- heelaam teat B-laloag 
in Upton, L.!. Over 15 tor 

in. x 34in. x 90 ir 


accelerators 


America... 


First Brookhaven, then Cambridge and Princeton- 
Penn., now Argonne National Laboratory—the four 
most important atom-smasher projects in the 
United States have called on Baldwin-Lima- 
Hamilton to fabricate the very heart of their atomic 
particle accelerators—the magnet cores. These 
cores require extraordinary uniformity and pre- 
cision of manufacture, since the slightest deviation 
in shape, consistency or dimensions would reduce 


the power of the finished machine. 


Whether the fabrication of magnets calls for weld- 
ing, adhesive bonding, stamping, grinding or 
machining, B-L-H can handle the job—and with 
ease. B-L-H also builds special magnets—bending, 
focusing, correction and spectrometer—ranging 
in size from three to several hundred tons. Write 
us for further information. 


Industrial Equipment Division + Philadelphia 42, Pa. 
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Need High Power 
RF Units in a Hurry? 


Perhaps RCA can supply 
your needs from stock 
items available for 
immediate delivery 


® 


RCA carries in stock many different 
types of radio transmitters. Although 
designed primarily for broadcasting, 
television and communications use, 
these equipments can be easily 
adapted for any purpose requiring 
radio-frequency power. Manufac- 
tured in quantity they are reasonable 
in price. Shipment is immediate! 


Units in stock cover the frequency 
range from 500 kilocycles to 1000 
megacycles—provide power outputs 
from one watt to 50,000 watts. Larger 
powers (up to 500,000 watts) can 
be obtained by paralleling units. 
Pulsing or modulation can be pro- 
vided as needed. 


Where units of other powers or fre- 
quencies are required—or where re- 
quirements of a very specialized 
nature must be met— RCA engineers 
have the know-how and experience 
to custom-build to your specifica- 
tions. Recent projects include appli- 
cations in the fields of fusion power, 
particle acceleration, ion propulsion, 
plasma heating, propagation studies 
and satellite tracking. 
Whether your requirements 
can be filled by off-the- 
shelf items or by custom 
building, you can benefit 
from RCA’s broad experi- 
ence. Write to RCA, High 
Power Electronics and 
Nucleonics, Dept. K-86, 
Building 15-1, Camden, N.J. 


The Most Trusted Name 
in Electronics 


RADIO CORPORATION OF AMERICA 
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CARBIDE our newest atomic fuel, 


is the latest development in Vitro’s nuclear activity. Vitro today produces laboratory quantities of 


uranium carbide. With the completion of new production facilities, it will be the world’s first com- 
mercial supplier of this spherical U-C, which offers ideal reactive and heat properties for atomic power 
reactors. Vitro’s current nuclear program starts with mining uranium ore in Wyoming, producing 
both uranium concentrates in Salt Lake City for AEC and other nuclear chemicals at Chattanooga. 
Recently, these operations have been expanded to include beryllium ore. Vitro, growing in electronics, 


chemical development and facilities engineering/management, continues as a leader in nuclear energy. 


WTO 


VITRO CORPORATION OF AMERICA, 261 MADISON AVENUE, NEW YORK 16, N.Y. / OVERSEAS SUBSIDIARIES: GENEVA + MILAN » BOMBAY 
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At 0000"01* GMT, August 1, 1960, Martin logged its 624,156,000th mile of space flight 
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To keep the lonely vigil... Martin PM-1 air-portable nuclear 
reactor, to supply electricity and heat at remote Air Force stations, 


is now being developed and produced for the AEC. 
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The IAEA: Push by U. S. Needed 


A Guest Editorial by E. R. Trapnell* 


The International Atomic Energy Agency will be 
3 years old this coming month. In its 3 years of life 
it has spent about $15-million carrying out a multiplicity 
of projects under the banner of “atoms for peace.” 

Some consider this modest program to be only an 
indication of the importance the Agency can have in the 
international atomic industry. Others say that because 
the Agency has failed thus far in what had been laid out 
for it as its major task—the supply and control of the 
use of fissionable material—it is doomed to failure or, in 
any event, it is relegated to an insignificant role in 
fostering world peace. 

Although it would be unfair to say that this lack of 
fulfillment of the Agency promise to this point is due 
entirely to the less-than-forward-looking role played by 
the U. 8. in Agency matters, I feel that the U. S. must 
shoulder much of the responsibility. The U. 8S. as the 
world’s leading nuclear power and as the originator of 
the Agency idea has not given the Agency the imagina- 
tive and wholehearted support necessary for its success. 


Tue Acency is still a good idea, although it is attempt- 
ing to fill a role quite different from that which was 
envisioned, with great fanfare, when it was first proposed. 

The need for it is much more clearly defined today 
than it was when President Eisenhower made his “atoms- 
for-peace”’ presentation before the U. N. General Assem- 
bly in December 1953. 

Sterling Cole, former chairman of the Joint Committee 
on Atomic Energy who is nearing the end of the third 
year of a four-year term as IAEA Director General, has 
said that the essential merit in the atoms-for-peace 
proposal was the idea that, in the absence of effective 
controls over the destructive uses of atomic energy, the 
nations could at least pool resources for exploitation of 
the constructive potentials of the atom. 

Cole’s remarks were aimed at the bilateral agreements 
for nuclear assistance which bypass the Agency and 
compete with it. His point supports as well the argu- 
ment for a pooling of efforts to solve the many safety 
and regulatory problems. 

Solutions to these environmental problems will serve 
the interests of all the nations, both those with embryo 
nuclear programs and those more advanced. IAEA is 
the proper machinery by which to work out the solutions. 
The job will not be easy nor quick, but the fact that neat 
answers are hard to come by doesn’t excuse a faint- 
hearted effort. The job calls for public discussion and 
understanding, based on a positive effort to inform the 
public, and for an enlightened and vigorous leadership 


topside in government with energetic support at all staff 
levels. 


THERE ARE MANY REASONS for continuing strong and 
imaginative U. 8. support of IAEA. 

First, the U. S. has declared its belief in the rightness 
and efficacy of the multi-nation machinery of peace con- 
stituted of the U. N. and all its family of affiliated and 
specialized organizations. The U.S. has said it believes 
in [AEA in principle. 

Second, the U. 8. has a very spetial obligation to sup- 
port IAEA because it wears our label: its membership 
accepted an American as the first Director General, and 
the U.S. is by far the largest single financial contributor. 

Third, the IAEA is, in the long run, a more efficient 
and more effective channel than bilaterals for distribu- 
tion of atomic assistance to needing nations. 

Fourth, the IAEA offers the best available means for 
establishing the widest understanding and agreement on 
such vital matters as health-safety, fuels accountability, 
and equitable liability protection. Without this, the 
atom cannot thrive in international trade. Unless all 
of the nations can play, with confidence, by the same set 
of rules, the international atomic game will be chaos and 
U.S. industry will have the heaviest handicaps. 

Fifth, and finally, a strong IAEA provides a forum 
which the Soviets can ill afford to ignore, and, construc- 
tively, an effective and vigorously supported IAEA can 
free the nations needing atomic help from the threat of 
concomitant political or ideological commitments or 
entrapment. 

The new role of IAEA may be less glamorous than the 
1953-56 portrayal of the Agency as world distributor or 
provider of fuels to light the dark places, but it is no less 
important and no less necessary. The original role, a 
big one, is still there, but it is not open until the fuel-rich 
nations are ready to supply the fuel under the conditions 
they themselves have imposed upon the Agency. 

Next month’s Fourth General Conference of the Inter- 
national Atomic Energy Agency in Vienna—and perhaps 
November’s elections in the U. S.—will focus attention 
upon the short-running opportunity to give vitality and 
meaning to the peace-serving mechanism so important 
to those nations which by choice and conviction want to 
follow freedom-oriented lines of development and share 
the benefits of nuclear progress. 


* Mr. Trapnell was formerly special assistant to 
the Director General of the International Atomic 
Energy Agency. 
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CENTER VIEW OF DYNAMITRON shows resistor-bank potential 
divider and spark gaps that protect against breakdowns 


Low-Cost Electrons: 


RECTIFIER CASCADE has filament transformers in aluminum housings. 
Triangular r-f pickup powers beam-tube filament 


Three 


The Dynamitron, shown here, and other accelerator developments on 


pages 54—57, offer higher-power, lower-cost electron beams 


I. Dynamitron—A High-Power Electron Accelerator 


By MARSHALL R. CLELAND and KENNARD H. MORGANSTERN, Radiation Dynamics, Inc., 


AS IRRADIATION TECHNOLOGY matures, 
it will need radiation sources especially 
Radiation Dy- 
has developed and is now 


made for its needs. 
namics, Ine., 
manufacturing a line of accelerators 
both electron and positive ion—that 
meet these needs. Characteristics that 
make the Dynamitron accelerator par- 
ticularly attractive for irradiation pur- 
poses are its constant-potential, large- 
current output; the rugged construction 
and consequent industrial reliability; 
cost per kilowatt of 
confident that the 
will reduce 
kwh, 
roughly one eighth of recent estimates 
with established accelerators (1). 


and the low 
output. We are 
Dynamitron accelerator 
electron-irradiation costs to ~$1 


Electrical Design 

As shown in Fig. 1, the basic circuit 
of the Dynamitron is a set of cascaded 
rectifiers capacitively coupled to a 
powerful r-f oscillator with a frequency 
of 300 ke (2). 
just inside the cylindrical outer tank 
draw power from the oscillator and 
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Two large electrodes 


induce an r-f potential in a set of corona 
rings just inside the electrodes (see fig- 
ures above). Thus direct current flows 
through the stack of rectifiers to estab- 
lish a large d-c potential at the output. 

An advantage at radio 
frequencies is that the Dynamitron re- 


of operating 


quires no large capacitors to store 


energy between cycles and to smooth 


Rf Output 4 terminal 
electrode ; a 


Electron 
beam 


FIG. 1. CIRCUIT has r-f drive coupled 
through corona rings to rectifiers 


Westbury, New York 


output. Consequently, static energy 
storage is not significantly greater than 
in electrostatic machines; accidental 
spark breakdowns are 
do not damage rectifiers or beam tube. 

A large toroidal coil (Fig. 
nected in with the 


electrodes; electrodes and coil function 


not violent and 


2) is con- 
parallel driving 
as a resonant tank circuit. 

The driving r-f oscillator is a con- 
ventional (and highly reliable) modified 
Hartley type. 
housed in an 


The unit is separately 
air-tight, water-cooled 


enclosure and connected by cable to 


the d-e 
oscillator 


generator, which contains the 


tank 


A high-pressure gas dielectric 


circuit (coil and elec- 
trodes). 
(SF) 
rectifiers provides d-c insulation and 
Along the 


vacuated acceleration 


between resonant circuit and 


r-f coupling. axis of the 
system runs an ¢ 
tube, which for 
has a tungsten cathode at its high-volt- 


electron acceleration 


age terminal. For positive-ion accel- 


eration the potential is reversed and 
our Dynamag ion source replaces the 


cathode. 
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EXTERNAL HOUSING holds insulating gas under pressure. 
inside are r-f electrodes that drive rectifier cascade 


Just 


CORONA RINGS AND HIGH-POTENTIAL CAP on outside, 
beam tube along central axis complete internal assembly 


Manufacturers Offer New Accelerators 


FIG. 2. TOROIDAL COIL forms resonant 
tank circuit with r-f electrodes 


Radiation Costs 


\ ( isonabl 
1 product appears to be $1/kwh 


cost for radiation ap- 

megarad-lb (at a beam utiliza- 
50% The 

rive at these 

1.5-Mev, 15-kw Dynamitron 

Model EA 1.5) at a cost of $76,000 and 

uses the following assumptions: 

® Five-) 


table shows how 
It applies 


higures. 


ear straight-line amortization. 
®A facility with 


ventilation 


shielding, 
and power but 
Cost: $44,000. 
operator per shift. 


primary 


cooling 


without a convevor. 
®(Qne full-time 


®*Complete tube replacement every 


1,000 hr (life expectancies of rectifiers 
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and oscillator tubes are much greater 
than this); tube 
every 500 hr. 

A similar table for a 3.0-Mev, 30-kw 
machine (Model EA-3.0) shows totals 
and per-kilowatt-hour costs ~75% of 
the table. If the 
automated, 


beam replacement 


those in machine 


operation is eliminating 
the present operator, the costs can be 


reduced to the range of 33-83¢/kwh. 
Reliability 


Our Dynamitron accelerators are of 
relatively new design. The first oper- 
ational unit went ‘‘on stream” in July, 
1959, for customer work 
at our irradiation service center. In 
December, 1959, the service unit went 
With its on-and- 
off requirements, service irradiation 


irradiation 


on a two-shift basis. 


offers the severest punishment one can 
Nevertheless, the unit has 
The 


plicity of design, freedom from moving 


anticipate. 
been performing steadily. sim- 
parts, and use of over-rated commercial 
components all contribute to this 


performance. 


Future Prospects 


The sizes and varieties of Dynami- 
trons are growing as customer require- 
A 3-Mev, 30-kw 
chine is now in production and a 45-kw 


ments dictate. ma- 
machine is at the drawing-board stage. 

Since there are no apparent difficul- 
ties in increasing beam current, (the 
only requirement is increasing oscillator 





Radiation Costs with 1.5-Mev, 15-kw 
Dynamitron ($10*) 


Double 
shift 
(4,000 


Triple 
shift 
(6,000 


Single 
shift 
(2,000 

hr/yr) hr/yr) 


Amortization * 
Direct labor 
($3 /man-hr) 
Overhead 
(at 100%) 
Utilities 
(1.5¢/kwh) 
Maintenancet 4 
Totals 40.9 
Cost per kilo- 


watt hour ($) 1.36 0.91 80 


* Five-year straight-line amortization of 
total cost of $100,000. 

t+ Assumes beam tube replacement every 
500 hr and complete tube replacement 
every 4,000 hr. 





power at greater frequency) we are al- 
ready anticipating the second gener- 
ation of Dynamitrons at 100-kw power 
level. Since cost per kilowatt hour 
will further decrease as power increases, 
we are hoping to achieve costs with the 
second generation of accelerators of the 
order of 10-25¢/kwh. 


BIBLIOGRAPHY 


1. “Radiation: A Tool for Industry" (Arthur D. 
Little, Inc., Cambridge, Mass., 1959) 

2. M. R. Cleland. Voltage multiplication ap- 
paratus, U. 8. Patent 2,875,394 
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ll. Three High-Power Accelerators for Radiation Processing 


Prepared by the technical staffs of High Voltage Engineering Corp., Burlington, Massachusetts 
and Applied Radiation Corp., Walnut Creek, California 


At Hie VouraGe we have at various 
stages of trial and development three 
new types of accelerators designed for 
radiation processing. They are the 
insulating-core transformer, the trans- 
mission-line accelerator (Magnaline) 
and the multiple-disk accelerator. All 
appear to be appropriate for electron 
energies of up to 4 Mev, beam cur- 
rents greater than 15 ma and radiation 
costs of less than $1/kwh. The power 
range is 10-1,000 kw. 

As accelerators like this are ex- 
tended to very high power, existing 
acceleration-tube techniques become 
inadequate. So we are working on 
these problems, We are 
considering the use of one generator 
with several acceleration tubes; the 
total power of the generator would be 
divided among the tubes. 


too. also 


Insulating-Core Transformer 


The basic purpose of our insulating- 
core transformer is to use the advan- 
tages of voltage multiplication by flux 
linkage in a magnetic-core transformer 
without facing its usual disadvantage, 
the large potential difference between 
a portion of the secondary winding and 
the core. To accomplish this purpose 
we divide the into insulated 
segments, which we operate as a stack 


core 


connected by distributed series capaci- 
tance and a set of cascaded rectifiers. 
The resulting system has a power- 
conversion efficiency of ~90%. Our 
prototype model is designed for a beam 
current of 25 ma of 1-Mev electrons. 
To date we have tested this unit as a 
complete accelerator at beam currents 
up to 20 ma. Better rectifiers now 
available should make feasible a 
current of 1 amp in future models. 
Circuit. As can be seen in Fig. 1, 
a-c power at >1,000 cps is fed to a 
primary coil just inside the grounded 
outer shell of core material. At the 
bottom of the central stack is the high- 
potential terminal, separated from the 
outer part of the core by a large insulat- 
ing gap. In the gap is a pressurized 
insulating gas that also fills the rest of 
the transformer. So that magnetic 
reluctance will be small, this insulating 
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Magnetic 
Core 
Primary coil Secondary coil 


\ 


Magnetic flux— 


k_High - potential 
terminal 


y 
cce erat on tube 


FIG. 2, OPERATING UNIT has segmented 
core at top, beam tube below it 


gap has a large surface area, and core 
segments are separated only by thin 
plastic of great dielectric 
strength. 

Each core segment is itself a full- 
rectifier 
which is 


spacers 


circuit. In a _ ribbon 
winding, the transformer 
secondary, the magnetic field of the 
core (peak to 
peak). this 
into a d-c potential and current, which 


wave 


induces ~25 kv a-c 


Dry rectifiers convert 
in our first model have a tested rating 
of 25 kv and 30 


respectively. If a becomes 


per segment ma, 
segment 
short-circuited, it draws only 300 ma, 
not enough to cause heating effects in 
a brief test. 
Construction. 
totype accelerator the beam tube is 
the 


In the completed pro- 


mounted as an extension of 


< 

FIG. 1. SEGMENTED CORE with cascaded 
rectifiers between segments is central 
element of insulated-core transformer 


FIG. 3. WITH MAGNETIC SHELL at top, 
system is ready for pressure housing 
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below it and on the same 
2 and 3). In the 
approximately 40 core 


transiorme! 


ertical axis (Figs. 
transiormer 
segments (25 kv each) produce to- 
gether an output potential of 1 million 
volts. 

The insulating-core transformer as a 
d-c supply with less than 3% ripple is 
for acceleration of either 
Its power 
with electrons will probably 


appropriate 
electrons or positive ions. 
output 
depend on further development of the 
elements of the acceleration-tube sys- 
tem. The generator design should be 


for 1-Mw 
electron 


capal le of 


but 


l-amp current 
output using such an 
beam requires especially designed ac- 
celeration tubes or coupling a single 
generator to several acceleration tubes. 
Presently available positive-ion sources 
produce up to 0.1 but l-amp 


feasible. 


amp, 


sources are 


Magnaline Accelerator 


Pring 


the basis ol 


a resonating line are 


iples of 
our transmission-line 
By inserting large-cur- 


oltage a-c power at one 
we can withdraw large-voltage, 
at another. The 
10-75 kw, 


ig on beam energy; the first 


smali-current 


power 
system is designed for 


de pel 





H gh- 
potentia 
terminal 











FIG. 4. MAGNALINE uses open-line reso- 
nance with lumped inductance 
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Rotor shaft 





Stator plates 


FIG. 5. MULTIPLE-DISK ACCELERATOR 
has rotating plates that convey charge 
from low-potential region to high-potential 
terminal, It offers large current at un- 
usually good stability 


model is designed for 20 ma at 1 Mey 
(20 kw) at an efficiency of ~80%. 

A quarter-wave antenna is a simple 
analog to our system. When the 
antenna length is 14 of the transmitted 
wavelength the antenna operates in 
resonance for that frequency because 
of distributed self-inductance and the 
distributed capacitance to ground. 

To shorten the length needed for 
resonance we introduce lumped induct- 
ance in the line as shown in Fig. 4. 
Core segments shaped as toroids make 
losses small. Dominant 
is that of the high-potential terminal 
at the end of the line; stray capacitance 


capacitance 


provides coupling along the length. 
The system is driven either by an 
external motor-generator or by a 
signal generator at its resonant fre- 
quency of several thousand cycles per 
second. 

In the center of the toroids that 
make up the transmission line is the 
segmented electron acceleration tube 
tapped at convenient points to supply 
potential to the electrodes of the tube. 
The whole assembly is insulated with 
gas under pressure and housed in a 
tank. 

The generator produces a sine-wave 
potential. So that beam-energy varia- 
tion will be small, current is conducted 
over a narrow phase angle near the 
appropriate potential peak. Beam 
loading is small enough that no ap- 
preciable potential drop occurs during 
the current pulse. 


Multiple-Disk Accelerator 


The principle of voltage generation 
in our third new machine is electro- 
static and is analogous to that of the 
Van de Graaff generator. In the 
Van de Graaff, charge is sprayed onto 


FIG. 6. ONE WORKING MODEL of 
multiple-disk accelerator, now under test 


a moving belt by the application of a 
potential in the range of 10-35 kv. 
The belt conveys the charge to the 
inside of a hollow terminal, to which 
the charge is transferred. The charge 
flows immediately to the outside of the 
terminal. Mechanical power for the 
belt comes from a drive motor. The 
‘‘down” run of the belt is often charged 
with opposite polarity. The current 
developed depends on the width of the 
belt, its speed and the field strength 
that can be supported. 

The multiple-disk accelerator em- 
ploys a rotating multiplate assembly of 
rigid disks; its insulated sectors move 
between the sectors of a multiplate 
stator and carry charge to the high- 
potential side of the generator. A 
large amount of surface area can be 
obtained in a compact form. Figure 5 
shows a design intended for a current 
of 10 ma. 

Performance. 
of the multiple-disk 
shown in Fig. 6. Rotary drive goes to 
the central shaft. Using normal insu- 
lating gases, we expect a conversion 
efficiency of ~35%, 15-25 ma, 1.5 
Mev. Particular advantages of this 
design are simplicity, compactness, 
large currents and good stability. 

If a plate revolving at 1,800 rpm has 
a radius of 1.5 ft, each of its two sur- 
faces can deliver 300 wa. Thus an 
assembly of 25 of these plates, which 
would have an axial length of 10 in., 
can develop 15 ma with alternate charg- 
ing of both surfaces of each of the disks 
in the set. 

This type of machine may have 
usefulness in space propulsion. The 
vacuum of space would supply the 
insulation needed for compact, light- 


Our present model 


accelerator is 


weight assembly. 
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ill. New Linacs Have Greater Power, Smaller Costs 


Prepared by the technical staffs of High Voltage Engineering Corp., Burlington, Massachusetts 
and Applied Radiation Corp., Walnut Creek, California 


In both pure and applied science new 
developments in microwave electron 
linear accelerators (linacs) are extend- 
ing the usefulness of these devices. 
Among improvements of technology 
that are leading to the new advances 
are the following: 

1, New power tubes, more power- 
ful and than their 
predecessors. 

2. Development of ‘‘L-band”’ linacs, 
frequency than 
They enable the use of 


more reliable 


operating at lower 
previous ones. 
more powerful tubes. 

3. Considerable improvement of 
S-band 


power capability of earlier 


designs. 


New Power Tubes 


Peak powers of 3-10 Mw are now 
available from recently developed 
klystrons and still newer Amplitrons. 
Average power ratings are 10-20 kw. 
These ratings enable designers to get 
greater electron energies from a linac 
of a given length or alternatively to 
design a shorter machine for a given 
energy. They can have large average 
power without an excessive number of 
tubes. An additional advantage of the 
new tubes is that they will deliver 
power in pulses as long as 30 usec, 





L-BAND LINAC has large-cross-section waveguides that enable 
greater energy storage and beam currents than in other linacs 
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almost ten times as long as would 


olde r tubes. 


L-Band Linacs 


The L-band-linae 
development is that operation at lower 


significance of 


frequencies means that critical micro- 


wave guides and acceleration tubes 


have larger cross sections than S-band 


components. The L-band frequency 
is 1,300 Me/see; the S-band, 2,856 
Mec/see. At the L-band frequency 
waveguides are capable of transmitting 
greater peak powers, and the new 


acceleration structures can store more 


microwave energy and support greater 
peak beam currents. 
With the 


S-band linac is 


the 


more economical 


new tubes 
the 


source of electron power with large 


power 


3ut it cannot match 
the 
pulse 


average current. 


the peak-current capability of 
L-band 


lengths. 


machine at ordinary 
In very short pulses (<0.1 
usec) the greater L-band stored energy 
can be used easily to obtain peak cur- 
rents in the ampere range. 
Applied Radiation Corp., 
recently completed its first 
accelerator, has explored L-band con- 


which 
L-band 


cepts most aggressively. A second 
b 


ag 
and a third L-band accelerator now 


the most 
High Volt- 


age Engineering Corp. is planning to 


nearing completion are 


powerful yet constructed. 


construct an unprecedentedly precise, 
very-high-power L-band machine for 
the National Bureau of Standards. 
With it the Bureau expects to accom- 
plish hitherto impossible measurements 
in research physics. 

The recently announced merger of 


these two manufacturers, Arco and 
HVEC, combines two previously inde- 
pendent technologies With recent 


improvements in S-band accelerators 


and microwave power sources, com- 
plementary systems, 8 and L band, now 
offer the user a wider range of high- 
energy) radiation sources than he had 


before. 
Improved Performance 

In research many formerly impracti- 
cal experiments are now feasibie with 
both S- and L-band 


peak power 


linacs. Greater 


provides instantaneous 
neutron intensities adequate for time- 
of-flight flight 


14 mile or more in length. Radiation- 


research using paths 


damage and radiation-chemistry re- 


search can extend dose-rate-de pend- 


ency studies into new regions of 


intensity, simulating even the intensi- 





FIVE-SECTION MACHINE, now being installed at University of 
California will have extra-long (30-u sec) pulse 
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ties of nuclear explosions. Greater 
average power enables studies of £TOss 
radiation effects under controlled con- 
ditions in intensities hitherto available 
(In reactors 


only in nuclear reactors. 


complex, hard-to-control conditions 
lead to difficulties in interpreting re- 
sults The 


ties of linaes help reduce background 


new long-pulse capabili- 


in coincidence experiments; relative 
background counting rates can often be 
reduced by orders of magnitude in mul- 
work. Within the 


pulse it is possible to 


tipl -COIn( idence 
long single 
generate a series of very short, discrete, 
pulses; such pulse 


closely spaced 


trains are useful in some X-ray and 
nuclear-spectroscopy experiments. 
Processing. In the growing field of 
electron-beam processing, the linac is 
a suitable source if penetration require- 
ments dictate 
than the capabilities of other acceler- 


beam energies greater 


ators. Increasing average power is 
both capital 
Only 
a short a processing linac 
could be expected to cost $40,000 per 
This 
more than 
electrons for $10,000 


15-50 kw 


reducing radiation costs 
investment and operating costs. 
time ago 
kilowatt of electron radiation. 
figure has been cut by 
half; 5-10-Mev 
15,000/kw in packages of 
are now feasibl 

Another expanding 
field is industrial radiography. High- 
X-rays at 10-100 the 
hitherto available permit 
thick solid- 


propellant samples with exposure times 


Radiography. 

] 

energy times 
intensities 
inspection of metal or 


» as long as are generally used 


now With electronic image intensi- 
fication and television presentation, 
fluoroscopy of thick sections (up to 
11-13 in. of steel) may become 
possible. 


New Linacs for Science 


(tom 


sponsorship three 


Under Energy Commission 
L-band linear elec- 
tron accelerators are abuilding at Arco 


for Yale 


of California 


Rensselaer and University 


the last is currently being 


installed). Each has features that 
make it unique among accelerators of 
the world. 


The Yale machine will produce the 


greatest linac energy to date, 77 Mev, 
and 28 kw average power (not together). 
When the Rensselaer accelerator goes 


into operation, it will have the greatest 
of all acceler- 


average powel output 
ators ol the world, 48 kw. It is de- 
signed primarily for large neutron 
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TEST ACCELERATOR has electron source at right. 
Out of picture at left is target and calorimeter. 


is cylindrical structure at left. 








Accelerating waveguide (beam tube) 
(This is 


another view of machine shown in photo at left on Page 56) 


outputs: 1.6 X 10 fast neutrons/sec, 
10'2 thermal neutrons/cm?/sec (aver- 
age) 10? neutrons 
The unique feature of the University 
of California 
long pulse (30 ysec), which can be 


and per pulse. 


installation will be its 


subdivided into as many as 10 smaller 
pulses. As shown in a figure on Page 
56, it has five sections, designed to 
produce up to 0.6 amp of 35-Mev elec- 
trons in the pulse and a maximum 
energy of 46 Mev. 





While American accelerator manu- 
facturers are busy with new designs, 
European counterparts are selling 
accelerators too. SAMES (Societe 
Anonyme de Machines Electrosta- 
tiques) at Grenoble, France, manu- 
factures four models as follows: J, for 
ions, 150 kv; L, for ions, 300 kv; S, 
for ions or electrons, 600 kv; SP, for 
ions or electrons, 600—1,000 kv. 

The figure shows that in principle 
SAMES accelerators operate like 
Van de Graaff and multiple-disk accel- 
erators. An insulating rotor carries 
charge from spraying ionizers to col- 
lecting ionizers, whence it flows to a 
high-potential terminal. 

As an ion generator Type SP is 
capable of a continuous current of 
1 ma and pulses of 1.5 ma. As an 
electron accelerator it will deliver 
3 ma to an X-ray target or 1.5-2 ma 
through a window. 

High-potential terminals are in air 
and accessible for maintenance. Ac- 
celerator tube and divider resistance, 
on the other hand are surrounded by 
an isolating enclosure filled to atmos- 
pheric pressure with an insulating gas 
mixture. 

lon sources for these accelerators 





Meanwhile—Electrostatic Accelerators from France 


last 1,000 ma-hr and consume deu- 
terium at 10 cm*/hr (atmospheric 
pressure). Filament life is also 1,000 
ma-hr and window life is 200 ma-hr. 

Licensees and representatives in 
the U. S. and Canada are Sorensen & 
Co., Inc., Richards Ave., South Nor- 
walk, Conn. 
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Nuclear Power in 


Space missions will need power sources in a variety of sizes. 
Existing radioisotope sources can furnish watts of power; 


compact reactors now under design will provide megawatts 


AS SPACE VEHICLES grow ever larger 
and space missions increasingly ambi- 
tious, packageable, lightweight power- 
plants will become a critical factor in 
the successful development of space 
technology. The manned satellite, 
space probe, ion-propulsion system, 





and the planetary base of the more 





distant future will all require significant 
quantities of electrical power. How 
will this electrical power be generated 
in space, and what will be the role of 
How” nuclear energy in this new field? 
During the present formative stage 


: f space technology, » cannot fi 
A SNAP-3 undergoestests  Advanced-design compact reactor would have direct of space technology, one cannot find 


‘ . ; “ee . clear-cut answers f f se ques- 
with simulated core conversion and radiation cooling lear-cut answers to all of these qué 


tions. It is possible, however, to 

sketch in much of the space power 

picture, to indicate trends, and to 
B 
Fuel 210 U2%5Q, UC. 
Cooling agent Conduction tubidium tadiation 
State of art 1959 1965 1970 
Power level |kw(e)] 0.0053 1,000 70 
Powerplant mass (kg) 2.3 7,500 665 
Specific mass (kg/kw) $28 7.5 10.5 
Thermionic of the compact, mobile powerplant we 


point out areas of application where 





nuclear power is unquestionably supe- 
rior to solar and chemical power (1). 
In the philosophy of its development 
and application, the nuclear space 
powerplant is a logical extrapolation 
Conversion mechanism Thermoelectric | Turbogenerator 
conversion find on contemporary aircraft, sub- 
Conversion efficiency (%) |5.5 17.9 25.0 marines and remote military bases. 

Application Satellite Elect. propuls Space station Batteries and solar cells are adequate 

















for many of the present day space 
missions, but kilowatts rather than 


B Rubidium-cooled reactor, extrapolation of present-day SNAP-2 technology, would feed = W#Uts will soon be required. The table 


heat to turbogenerator to produce 1 Mwie) of power for space mission above right lists some projected space 
missions and estimates of the amount 
; of electrical power that each will 
RUBIDIUM require. 
MECHANICAL For contemporary long-lived space 
pump REFLECTOR 


satellites a radioisotope conduction- 
CONTROL . 
RADIATOR 


cooled power unit (Fig. A) seems ap- 





propriate. Proof-of-principle devices 
already exist (2). Improved versions 
at higher power levels could power 
space probes and more ambitious 





scientific payloads. These devices will 
cover the low-power end of the power- 


INDUCTOR RUBIDIUM FAST plant spectrum. 
ALTERNATOR TURBINE BOILER REACTOR 1. x » 
‘ U0, FUEL lhe Rankine-cycle power plant (Fig. 


B) may be satisfactory up to quite 
high power levels [up to 100 Mw/(e)} 
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Outer Space 


By WILLIAM R. CORLISS, The Martin 


The unit shown uses rubidium as 
a working fluid and might represent 
1970 This 
plant is an extrapolation of the mercury 
units the 3-kw(e), 220-lb 
SNAP-2 unit, which might be supplied 
SNAP-S8, operat- 
similar 


1965 technology. power- 


such as 


at an earlier date. 


ing at 30-kw(« will use a 
configuration 

The radiation-cooled nuclear reactor 
} Fig. C 
medium-power unit of very advanced 


design. It is completely static and 


shown in is typical of a 


components of 
unique Re- 
actor-core surface temperatures should 
approac h 3,000° F if small specific 
masses are to be attained. It is proba- 
bly an example of 1970 state of the art. 

All thes 
the probl m ol nuclear hazards. 


incorporates many 


and unproven design. 


devices share in common 
The 
proble m for reactor heat sources can 
be alleviated somewhat by permitting 
only post-orbit startups, but an aborted 
nuclear material 


launching involving 


is more serious than an accident with 
comparable chemical sources of energy. 
Political considerations, as well as 
those of physical safety, will require 
that every reasonable certainty of safe 
operation exist before nuclear power- 
Booster 
rockets are becoming more reliable, 
and there seems to be little doubt that 


nuclear power sources will ultimately 


plants are put to space use, 


be placed safely in orbit or on escape 
trajectories. The performance advan- 
tages of nuclear power will demand the 
solution of this problem. 


Space Environment 


the role of 
nuclear in outer space let us 
first the 
outer space and then set up a rationale 


for evaluating and comparing space 


To further delineate 
energy 


examine environment of 


powerplants. 
a rigorous environ- 
fluxes of electro- 


Outer space is 


ment with intense 
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Electrical Power Requirements in Outer Space 


Mission 


Vanguard satellite 

Mars probe 

Manned satellite environment 
Communication satellite 
Manned space station 
Antisatellite military vehicle 
Electrical propulsion 

Manned lunar base 


Co., Baltimore, Maryland 


magnetic quanta, subatomic particles 
and particulate matter. A 
vehicle power supply, particularly its 
radiator, will be eroded, punctured, 
heated the otherwise 
degraded. The space powerplant must 
for a level of 
meteoroid attack. Radiator vulnera- 
bility is frequently measured in terms 
of the number of radiator penetrations 
per mission. This 
cially important for large, fluid-cooled, 
nuclear space power supplies where the 


space- 


by sun and 


be designed certain 


criterion is espe- 


powerplant mass is rather sensitive to 
the vulnerability level. Figure 1 shows 
the penetration rate for 
stainless-steel radiators. 


expected 


Figure of Merit 


The parameter 
adopted as a figure of merit for a space 
power plant is the power-plant specific 
mass (usually given in kilograms of 
power-plant mass kilowatt of 
electrical power output). But this 
factor varies strongly with power level 


most commonly 


per 


Range of 
uncertainty 


r= 


3 _ 3. 3. — ae. 
rt 


Meteoroid Penetration Frequency (penetration /m*hr) 


\0* i = 0° 

Depth of Penetration in Stainless Steel (cm) 
FIG. 1. Meteoroid flux expressed in 
terms of frequency of penetrations/unit 
area of stainless steel vs depth of penetra- 
tion based on data by F. L. Whipple, ARS 
499-57 


ws 


Duration 


Date 


195:3 
196) 
1961 
1962 
1970 
1970 
1970 
1975 


Power (kwe) 


0.00005 
0.036 

0.5-3 

0,1-10 
10-10,000 
10-100 
100-10,000 
1,000-5,000 


and mission duration. Table 1 lists 
the most important factors influencing 
the design of the power plant. There 
are two groups of parameters—those to 
which it is easy to attach a number, 
and those which are qualitative in 
nature. The system reliability and 
development risks are typical of the 
latter category. The specific mass of 
a power supply is an equitable basis for 
comparing and evaluating different 
systems only when the independent 
variables presented in Table 1 are 
fixed for each system. In particular, 
one must carefully state the power 
level, meteoroid vulnerability, state 
of the art and mission duration for 
each power plant. 

In most instances, we can perform 
surgery on the space power supply 
and separate it conveniently into the 
three components: the power source, 
conversion equipment and radiator. 
As illustrated in the block diagram of 
Fig. 2, the power, starting as thermal 
power, flows from the source to the 





Energy Sources 
Chemicals (gasoline) 
Radioisotopes (Ce!**) 
Fission or fusion (U2>>) 
Solar collectors 
Mechanical (flywheels) 
Electrical (condensers) 


yP 





(yrs) 


1.0+ 
0.5 
0.01 
1-3 
2-10 
0.1-2 
0.5-3 
1-10 





Conversion Equipment 
Turbomachinery 
Piston engines 


oad 
Communications 
Instrumentation 
Life support 





Electric generators 
Direct conversion 








Weapons 


Electrical propulsion 








yli-e) P 
Waste Energy Rejection 
Radiation 
Particle emission 











(I-F )eP 














(I-eF )P 


FIG. 2. Block diagram of space power- 
plant 
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conversion unit, and then to the load 
and rejection unit. All energy gener- 
ated aboard the space vehicle must 
ultimately be rejected or destruction 
will result. The nuclear heat source 
competes with the other thermal energy 


‘ 


sources shown in Fig. 2. 


Nuclear Heat Sources 


The energy density stored in the 
atomic nucleus is orders of magnitude 
higher than that available in chemicals 
(8 X 10! joules/kg for the fission proc- 
ess contrasted with 1 X 10° joules/kg 
for the reaction H+ + e-~— H). The 
energy density alone, however, is 
insufficient to predict the potentialities 
of nuclear heat source. 
the reactor vessel, the 


The mass of 
critical-mass 


> 
requirements and temperature limita- 
tions may raise the specific mass of the 
nuclear power plant to a point where it 
with the “free” 
energy available from the sun. 


cannot compete 
We will discuss two methods of re- 
leasing nuclear energy—disintegration 
of radioisotopes and nuclear fission. 
The fusion process, the third method, 
has not been developed to the point 
where we can compare it in terms of 
hardware with the other two. 


Radioisotopes 


Radioisotopes by their nature pos- 
both 


tages for space power production. 


advantages and disadvan- 


SeSS 


@ The radioisotope source does not 


require a critical mass or special fuel 





TABLE 1—Important Variables of Space Powerplants 


Variable 


Powerplant specific mass 
(kg/kw) 
Powerplant efficiency (e) 


Definition or Remarks 


Figure of merit for the powerplant 


Ratio of power delivered by the conversion equipment 


to that produced by the source 


Load rejection efficiency (f) 
to the load 
Power level (kw) 
Mission duration 
Meteoroid vulnerability 


Ratio of power rejected by the load to that delivered 


Source power level, usually thermal power 
May vary from | min to 10 years 
Probability that meteoroid damage will abort the mis- 


sion or reduce the powerplant performance below a pre- 


scribed value 


State of the art 
rials and 


developed 


techniques necessary are 


The time period when all essential components, mate- 


expected to be 


geometry. Hence radioisotope power- 
plants are lighter than fission power- 
plants below 1 kw(e). 

@ The output i: 
quantity of isotope present and falls 


off with the depletion of the isotope. 


proportional to the 


This gradual reduction in power is 
usually a disadvantage. 

@ Since heat source cannot be shut off, 
a coolant failure will cause a meltdown. 
However, most applications envision 
conduction and radiation cooling so 
that 


Radioisotopes can produce tempera- 


this is not a serious objection. 
tures and power densities limited, in 


practice, only by material melting 
and heat-transfer constraints. 
@ Except 


isotopes require shielding to protect 


for alpha emitters radio- 
humans and nearby instrumentation. 
& Radioisotopes today 


difficult to obtain in the large quanti- 


are costly and 


ties needed for power production. 
(The this 
based on production capabilities pro- 
jected into the 1965-1970 period.) 


The isotope is typically made into a 


conclusions in paper are 


high melting-point compound (an oxide 
or a carbide) and fabricated into fuel 
elements whose size and shape depend 
upon the method of heat removal. <A 
heat-transfer fluid may be used, or one 
can design a completely static system 
with thermal conduction and thermal 
radiation-cooled sources (2). 
By applying the criteria of: 
@ Cost and availability 
@ Power density (kw/kg) or specific 


Reliability Probability 
factorily over the duration of the mission 


Probability of 


that the powerplant will function satis- mass (kg/kw) 

@ Half-life (6 months to 10 years for 
space use) 
@ Shielding 
and strength of gammas) 


Development risk encountering insoluble development 


problems — 
. . . : considerations (number 
Flexibility Measure of the ease with which a system can be altered 
to perform other tasks 


» .e » . . . 
Cost Money or resources required to bring the powerplant @ Physical properties (melting point, 
to operational status density, etc.) 


reduce the list of 





one can quickly 


hundreds of available nuclides to a 





small handful of isotopes most attrac- 
Table 2 lists these 


along with their properties. 


tive for space use. 


TABLE 2—Radioisotopes Important to Space Power 


Specific Once a radioisotope has been selected, 
Production Vode of made into an appropriate compound 


method lecau 


mass* 


(kg/kw) and fabricated into fuel elements, it is 


Isotope Half-life Remarks 

— incorporated into the powerplant sys- 
The the heat 
source to specific mass of the overall 
the 


ma- 


0.036 
3.68 


Many 
Strong gammas 


Artificial element 


Beta contribution of 

Beta 

Alpha 

Alpha Easy to shield; volatile 

Alpha Few, weak gammas; easy 
to shield 


Fiss. 6.1% 
Fiss. 5.9% 
Pu5(n,> 
Bi(n,y) + 
Np(n,y) 


290 d 
26.6 y 
1I8.4y 0.366 
138 d 0.0071 
86.8 y 1.72 


Ce!4*4 
Cs137 
Cm?*4 
Po2 


Pu? 


strong gammas tem. 


fuel mass, 
structural 


system is the sum of th 
cladding, the mass of 
terials and coolant This contribution 
to system performance is plotted in 
Fig. 3 for one of the interesting radio- 
Po?!®, The cutoff 


point is controlled by cost and availa- 
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* Assumes that average beta energy is 45% of 
energy is retained. 


the maximum and that 45% of the gamma 


isotopes, power 
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bility \ level of 


seems to be the maximum 


thermal power 
20) kw 


ré asonable power-range limit. 


Fission Energy 


Contrary to radioisotopes, which are 
presently limited by their availability 
to rather small power supplies, the 
fission reactor shows the most promise 
at the high levels. In the 
100-1,000 kw(th) the specific 
fission heat 


power 
region 
mass of the source is 
controlled by criticality requirements. 
\ bove this 
reactor is determined predominantly 


point, the size of the 


by heat transfer considerations. Fig- 


ure 3 shows the typical variation of 
reactor specific mass with power level. 

In choosing a reactor type one looks 
for low specific mass, small shielding 
cross section, high-temperature capa- 
bilities, and compatibility with the 


remainder of the system. The most 
promising of the many candidates are 
the liquid-metal-cooled and the radia- 
Most con- 


efforts have been 


tion-cooled types (4). 


temporary study 
channeled into the liquid-metal-cooled 
concept but the radiation-cooled re- 


actor also shows a great deal of 
promise for the very advanced applica- 
tions in the 50-kw(e) region. 
Gas-cooled reactors yield lower effec- 
tive radiator temperatures than the 
liquid-metal-vapor cycles at compara- 
ble states of the 
ture of the 


art (owing to the na- 
3rayton cycle) even though 
higher reactor efflux temperatures are 
possible with inert gas coolants. Fig- 


> 


ure 3, which shows the specific mass 
estimates for both gas and liquid metal 
cooled reactors, indicates that the heat 
masses of these two 


source specific 


quite competitive 


types ar indeed 
1 Mw(th 
level (because of their higher void frac- 


above Below this power 
tion), the gas cooled reactors are physi- 


1d heavier. Later we 


Cail' larger al 
show how the systems aspects 
the rejection of the gas-cooled 

at all power levels. 

Che liquid metal-cooled reactor pre- 
dominates in the field of space power 
today because it yields lightweight 

»werplants and is relatively well 
developed. 

Che nuclear-heat-source comparisons 
shown in Fig. 3 indicate that radioiso- 
significantly better, on a 


topes are 
source basis, than fission reactors at 
the low power levels. Since the same 


coolants, radiators, and conversion 


techniques are applicable to both heat 


Vol. 18, No. 8 - August, 1960 








Nuclear Energy’s Competitors in Space 


As a source of power for outer space nuclear energy will have competition 
from other types of energy. A spaceship could carry along chemical energy 
in the form of fuels, like hydrogen peroxide and gasoline, or stored in batteries. 
Regardless of the way chemical fuel is employed, its small energy density 
relegates it to the very short time part of the power-duration plane (see figure). 

Solar energy, on the other hand is free except for the specific mass penalties 
of the collector. Solar energy may be converted either into heat and thence 
into electricity via a heat engine or directly into electricity by solar cells or 
thermionic and thermoelectric converters located in the focal plane of a flux 
concentrator. Evidently sunlight will provide long term power at specific 
masses that are highly competitive with nuclear power up to a power level 
of 50 kw(e). Solar powerplants, however, must be oriented and require 
energy storage devices to maintain power in shadowed positions of satellite 
orbits. Solar cells already power several satellites and space probes and one 
cannot ignore their light weight, and other conveniences below 50 kw(e). As 
shown in the figure, solar power is a direct competitor of nuclear power in this 
region of the power-duration spectrum. 

The figure shows that the real promise of nuclear power is in the long term, 
high power ranges where it is uncontested by chemicals and solar power. 
Radioisotopes will be important energy sources below 5 kw(e) with fission 
powerplants dominant at higher power levels. As the continuing reactor and 
radioisotope development programs push back the temperature and specific 
mass barriers, we may expect to see nuclear power keep pace with the ever- 
increasing demands of space technology for more power in lighter and more 
compact packages. Nuclear power will be essential to the very large space 
vehicles of the next decade, to electrical propulsion, and to the manned extra 
terrestrial bases postulated within the next 20 years. 


half-life limit 





Nuclear fission 
SreRadioisotope \ 
cost limit Specific-mass limits 


{ 
Ms 


10 10° 
Electrica! Power (kw) 











ission Duration (hr) 
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sources, we might expect to find this 
restricted observation can be general- 
ized to the overall systems (see Fig. 4). 
Energy-Conversion Methods 

Two broad classes of energy conver- 
sion can be designated electromechani- 
cal conversion and direct conversion. 

Today the emphasis in space power 


is on direct conversion with its ulti- 
mate promise of higher system relia- 
bility and the elimination of most 


moving parts* and their associated 

*The adjective ‘“direct’’ infers the 
elimination of all moving parts, but in 
reality this is often not the case since fluid 
pumps, control rods, and similar moving 
devices are frequently needed in practical 
designs. 
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Even today direct 
electro- 
power 


gyroscopic effects. 
conversion is superior to 

mechanical conversion at low 
levels [<1 kw/(e), where turbine effi- 
ciencies drop rapidly with miniaturiza- 
tion]. 
(turbines and piston engines mated 
with rotating electromechanical gener- 
ators) are still important, especially at 
higher power levels, by virtue of their 
good efficiency and advanced state of 


The conventional heat engines 


development. 

Among the heat engines with moving 
parts, vapor turbomachinery has 
emerged as the major contender in large 
nuclear space powerplants. The inert 
gas turbine, using the Brayton cycle, 
can generally attain higher cycle tem- 
peratures, but the pumping power re- 
quirements are also very high relative 
to the Rankine cycle and heat rejection 
must take place at effective tempera- 
tures low compared with those in the 
(Rankine) Although 
gas piston engines have been frequently 
proposed, they 
lubrication problems. 

The potential working fluids applica- 


vapor cycles. 


have vibration and 


ble to Rankine cycle powerplants are 
Table 3 the 
promising. Mercury is receiving much 
attention for the first generation of nu- 
clear space powerplants [3 kw(e)] be- 


many. indicates most 


cause of the modest temperatures 


required for effective operation. Mer- 


Chemicals (10 hrs) 





TABLE 3—Potential Closed-Cycle Working Fluids 


Advantages 


Disadvantages 


Chemically inert, low neutron ab- Brayton cycle leads to low effective 


sorption cross sect ion 


Good heat transfer properties, some 


powerplant experience 
Rb, Na, K 
some handling experience 


H.O 
understood 


Sulfur Fair heat transfer properties 


Excellent heat transfer properties 


Good heat transfer properties, well 


radiator temperatures 

High absorption cross section (ex- 
corrosive, heavy, toxic 
high 
tures to obtain good operating pres- 


cept Hg*"*), 


Corrosive, require tempera- 
sures, toxic 

Vapor pressure too high at tem- 
peratures of interest 

Relatively exists in 
(S2,S4, etc.) 


>? 


unexplored; 
several compounds 


which may be unstable 





cury vapor pressures will rise to un- 
attractively high levels as the state of 
the art pushes maximum cycle tem- 
peratures upward. Interest will then 
shift to the alkali metals as working 
fluids with reactor efflux temperatures 
between 1,500° F and 1,800° F for the 
advanced (1965-1970) applica- 

\dditional effects of the envi- 
the 


very 
tions. 
ronment on tankine-cycle plant 
involve the problems of phase separa- 
tion and condensation arising from 
the 0-g conditions expected in most 


Vehicle or fluid 
centrifugal fields are usually employed 


space operations. 


to solve these problems. Phase sepa- 


ration and condensation in the model 
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FIG. 3. Specific mass of heat source alone vs. thermal power output 
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shown in Fig. B are accomplished by 
Although rota- 
tion does not need to be communicated 


powerplant rotation. 


to the space vehicle proper, it has unde- 
sirable gyroscopic effects. 

On an overall specific mass basis, 
Fig. 4 shows that the 
superior to the Brayton cycle. 


tankine cycle is 
Above 
100 kw(e) this conclusion holds because 
the Rankine cycle has a smaller radiator 
mass; below 100 kw(e), the liquid-metal- 
cooled reactor is smaller. This con- 
clusion is, however, temperature sensi- 
tive. If reactors could 
produce 4,000° F efflux in the 1965- 
1970 period instead of the 2,200° F 
predicted for 10,000 hr of operation 
this conclusion might well be reversed. 


gas-cooled 


In the electromechanical conversion 
process, heat energy is first transformed 
into kinetic energy of rotation and then 
into electricity by electromagnetic or 
electrostatic generators. The rotating 


equipment can be integrated into a 
small package which con- 
(<25%)*to the over-all 
and 2 


relatively 
tributes little 
specific mass—i.e., 
kg/kw. 
rises rapidly as the power level drops 
kw(e) because of the ineffi- 
ciencies associated with turbine minia- 
turization. This the 
total specific mass of the power plant is 


between 1 
The specific mass, however, 


below 1 
contribution to 


usually dwarfed by the reactor at low 
power levels and the radiator at higher 
power levels (1). 


Direct Conversion 


The realistic contributions to system 
reliability and endurance by a com- 
pletely static powerplant (direct con- 
version, no coolants) have not yet been 
truly evaluated. The overwhelming 
trend today, however, is to hopefully 
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The 


mass contributions of conver- 


adopt direct conversion methods. 
specific 
sion devices to the total powerplant 
mass are negligible at high 
vels [100 kw(e) and up] but 
may be very important with radioiso- 


spe eific 


powe! l¢ 


tope sources at the low power levels 
for example, in the 5-watt Snap-3) (2). 
Because space use demands high tem- 
peratures for efficient heat rejection by 
converters 


radiation, thermoelectric 


are inferior to thermionic converters 
6) in both efficiency and specific mass 
at temperatures over 1,000° F. While 
the initial space powerplants employing 
direct conversion will be the low tem- 
perature thermoelectric types, the more 
1962 and beyond) 


advanced models 


will undoubtedly be thermionic. Fi- 
nally in magnetohydrodynamic conver- 
kinetic 
plasma of conducting fluid is converted 
into electricity, effort is still on a labora- 
Many 


this approach, but it is far from the stage 


sion, where the energy of a 


tory scale, firms are pursuing 


where precise can be 
stated. 


Thermionic converters could proba- 


performance 


bly be incorporated into a space power- 
plant with a specific mass contribution 
of 30 kg/kw in 2 years and 3-8 kg/kw 
Thermoelectric  ele- 


within 5 years. 


ments would be perhaps twice as 


heavy and limited to applications below 


1,000° F. The replacement of rotating 


conversion equipment (1-2 kg/kw) 
thus incurs a specific mass penalty 
except at very low powers [<1 kw/(e)]. 
This is the price for a static system. It 
may be an acceptable price for a reliable, 
long-lived system. 

Heat-to-electricity effi- 
ciencies range from less than 10% for 
contemporary thermoelectric devices 
to 35% for a good steam plant. The 
conversion efficiency, however, is not 
the fundamental figure of merit for 
space power. ‘The effi- 
ciency of the larger Brayton and Ran- 
kine powerplants [100 kw(e)] is usually 
fixed at between 12% and 20% to 
achieve the minimum powerplant spe- 
(The minimum occurs be- 


conversion 


conversion 


cific mass. 
cause of the opposing effects of high 
radiator temperatures on cycle effi- 
ciency and radiator Hence 
maximum obtainable are 
usually not desired for any thermody- 


mass.) 
efficiencies 


namic cycle. 
Still, present-day direct 
techniques have yet to attain the effi- 


conversion 


required for specific mass 


Thermoelectric 


ciencies 
optimization. 
verters run about 5% today, 
growth possible to 15%; thermionic 
converters are now at 10%, with 30% 
predicted. Some room for improve- 
ment is possible here, but an increase 
in efficiency beyond 20% is not as criti- 
cal for space use as it is for collector- 


con- 


with 
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area-limited solar powerplants and 


economic ground power, 


Heat Rejection 
The 


waste energy from the heat 


engine (rotating or static) is rejected to 


outer space by thermal radiat‘on from 
an extended This radiator 
structure is a critical component. It 
dwarfs the rest of the system mass-wise 
above 100 kw(e). Still it must be com- 
pactly packaged for launching and then 
assembled or expanded in space. When 
fully extended it is subject to puncture 
and erosion from the meteoroid flux. 
The ultraviolet rays and proton flux 
from the sun may cause deteriorations 
of selectively absorbing surfaces. Its 
surface may even sublime at high tem- 
peratures in the near vacuum of space. 
Leak detection equipment and valving 
must be provided if fluids are contained 
within. Redundant surface must be 
incorporated to keep system perform- 
ance at the prescribed level in the event 
that punctures become excessive in 
some sections. These effects are diffi- 
cult to estimate at the present stage of 
space technology. 


surface. 


System Comparisons 


A series of design studies made of the 
various space powerplants that have 
been proposed would lead to a summary 
graph like that in Fig. 4. The superi- 
ority of the Rankine cycle is clearly 
indicated as are the areas of criticality 
and heat transfer limitations on the 
reactor specific mass. The increasing 
importance of radiator mass, at a fixed 
vulnerability level, rising 
power plant specific mass beyond 100 
kw(e). Even with a very optimistic 
estimate of production, radioisotope 
capabilities are limited to power levels 
under 1 kw(e) and mission periods 
under 10 years. 


causes & 
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Pricing Bred Reactor Fuel 


Are the buy-back prices set by the AEC for U™ and Pu realistic? 


No, says this author—analysis of the fuel cycles involved shows 


that in a free market U*”* would be worth twice as much as Pu 


The prices today of U?** and pluto- 
_ nium relative to U*** are highly artifi- 
cial; they have been set by administra- 
tive action rather than by the interplay 
of the forces of a commercial free mar- 
ket. Although free market values for 
nuclear fuel cannot be determined until 
nuclear energy is competitive with 
energy from fossil fuels, the fuel price 
structure should be examined from the 





Symbol Definitions 


F (subscript) refers to the fissile 
isotopes of the bred fuels 
25 (subscript) refers to U2** 
V = value of fuel in $/gm 
n = number of fission neutrons 
produced per neutron ab- 
sorbed in the fuel 
= grams of fuel burned per 
megawatt-day of heat 
specific electrical power of 
the fuel in watts/gm 
breeding ratio for equilib- 
rium fuel 
conversion ratio for equilib- 
rium fuel 
= 1.14 i/¢ 
= interest rate on fuel inven- 
tory in % per year 
= load factor of the plant 
= net electrical efficiency of 
the plant 
ratio of total fissions to fis- 
sions in the fuel—accounts 
for fast fission in the fertile 
material 
all costs associated with fuel 
element fabrication for a 
non-recycle fuel in mills 
kwh 
ratio of recycle to non-re- 
cycle fabrication costs 











By MILTON C. EDLUND, The Babcock & Wilcox Co., 


viewpoint of a commercial market that 
assumes success of the nuclear power 
industry. Otherwise, we may develop 
nuclear power plants and fuel cycles 
that appear to be economic under the 
present AEC price structure and find 
that they cannot be 
commercial market. 


sustained in a 


A reasonable pricing system is to 
a value to the bred fuel that 
makes the energy cost of the equilib- 


assign 


rium fuel cyele just equal to the energy 
cost of the initial fuel cycle, before re- 
Starting with this defi- 
that, relative to 
the current prices for U2**, U2 is worth 
These 
figures include a 0.5 mills/kwh penalty 
for the 


cycling starts. 
nition, we will show 


$18-20/gm and Pu $6—-8/gm. 


extra expense of fabricating 
As we shall see, this 
factor of three in the 


es for Pu and U?4 


recycle elements 
difference of a 
suggested pri has 
two sources: 

®In a thermal reactor U2? produces 
more fission neutrons per capture than 
does Pu. 

© Th 


in the 


uranium replaced by the U2 
Th-U?** is fully 
hence more expensive than the slightly 
with which the Pu 


y2 ’-Pu evele. 


enriched and 


enriched uranium 


competes in the | 


Value Computation 


thirty 
pring ipal source of fissionable material, 


During the next years the 


directly or indirectly, will be natural 


uranium or enriched uranium from 


diffusion plants. Breeders are not ex- 
pected to make 
tribution to the total fuel supply during 
the next thirty Thus, to in- 


vestigate the market value of nuclear 


any substantial con- 


years. 


fuels for this period, we need consider 
only the economics of producing U?* 


L ynchbu rg, J ‘irgina 


and Pu by converting U?** and burning 
these fuels in power reactors. 

The assumption that we achieve a 
successful nuclear power industry dur- 
ing the next thirty years also implies 
that we 
economically. 
of the industry will be brief and the 


will be able to recycle fuel 
Otherwise, the success 


‘‘ Atoms for Peace Program”’ will have 
been nothing but a modern-day techni- 
cal WPA for engineers and scientists. 
The fuel in the first cycle will be 
either U**® which is converted to pluto- 
nium by neutron absorption in the 
fertile material U*** or highly enriched 
U*** with thorium as fertile material for 
There are two possible 
recycling the U?** and 
In the first, the bred fuel 
is recycled along with fresh U** in the 
The fresh U*** feed de- 
creases with each cycle and reaches a 
fuel 


second 


producing U233, 
methods of 
plutonium. 


same reactor. 


constant when the equilibrium 
cycle is established. In the 
method, the bred fuel is recycled in a 
different reactor. Animportant exam- 
ple is the production of plutonium in a 
thermal reactor and recycling in a fast 
Since U** is difficult to sepa- 
this method is of little 
interest for recycling U? 


We consider the first method in which 


breeder. 
rate from U?%, 


the bred fuel is recycled in the same 
reactor. If we set the energy costs for 
the first cycle with fresh uranium fuel 
equal to the energy cost for the equilib- 
rium fuel cycle, and then solve for the 
fuel, we get for a 


value of the bred 


converter 


[12eeZ/Sos + go 
x Ve 


— gr(l — CR)] 
; — 2hee(y — 1)Co 
lg st 12eel S 
(1) 
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Similarly, if the reactor breeds, 
Vy 
— 24ee(y — 1)Co 
l2eel /S 
(2) 


Vi BR qd - 


gr) + 


The values of plutonium and U?*8 are 
independent of the specific power 
for specific 300 


watts/gm and for interest charges on 


near! 
powers greater than 
fuel inventory in the range of 4-10%. 
If we neglect the effect of excess fabri- 
cation cost for recycle fuel elements, 
the value of th 
only on the price of the U?** which is 
converted and the difference in 7 for 
U2), Equations 1 


and 2 then degenerate to 


bred fuels depends 


the bred fuel and 


Vo5 
— 125) 


(3) 
] —- Nr 


Thus to a first approximation, the 
value of the bred fuel is a function only 
of the value of U** and the fission neu- 
capture. 
This, of course, is true only when the 


trons released per neutron 


excess fabrication cost is small. 

In thermal reactors U2** will be the 
fuel tes — Vas = 
0.22, whereas for plutonium npy — 725 
fast reactor 


more valuable since 


-0.2. Recycle in a 


0! 0.3 05 
Excess 


FIG. 1. 
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Effect of excess fabrication charge on value of recycled 
fuel based on 300 watts/gm and 10% inventory charge 





Reactor Fuel Values 


Value of U?® Value of 
bred fuel 


(s gm) 


Neutron converted 


Fuel 


spectrum ($/gm) 
Thermal 17 
Fast 17 
Pu —s- Thermal 12 
Pu Fast 16 


[233 


U233 





favors plutonium, since npx — Nes = 0.5 
and os — 25 = 0.4. The relative 
values of Pu (Pu?** and Pu?*!) and U25* 
in fluid fuel reactors or for solid fuel 
reactors in which the excess cost of re- 
cycle fabrication is small are given in 
the table. 


Fabrication Costs 


Because of the radioactive daughter 
products from U?* produced along with 
the U2* and the high chemical toxicity 
of plutonium, special procedures are 
required to protect personnel handling 
the material. Consequently, the fabri- 
cation cost of fuel elements will be 
higher than for fresh uranium and the 
bred fuel values will be decreased by an 
amount proportional to the excess cost 
of fabrication, (y — 1)Co. 

Figure 1 gives the value of U*** and 
plutonium recycled in thermal reactors 


. 


24 


Value of Pu ($/gm) 


07 0.9 


Fabrication Charge, ( ¥-!) Co,(mills/kwh) 


FIG. 2. 


as a function of the excess fabrication 
charge in mills/kwh. The specific 
power is assumed to be 300 watts/gm 
of fuel in both cases, and the interest 
rate on inventory is taken to be 10%. 
For plutonium, slightly enriched ura- 
nium with a burnup cost of $12/gm is 
the feed. The results are not very 
sensitive to any of the parameters used 
in the range of practical values; i.e., 
conversion ratios in the range of 0.5—-0.6 
for plutonium and 0.85-1.00 for U*** 
and specific powers of 200-500 
watts/gm. 

The potential values for bred fuels 
can become real market values only if 
the total energy costs for the nuclear 
power plant are competitive with 
energy costs from fossil fuels. Since 
capital costs of nuclear plants will 
probably exceed those of conventional 
plants by $50/kw/(e) to $100/kw(e), the 
fuel cost for nuclear plants (including 
fuel burnup, fabrication, etc.) must 
be less than 1.5 to 2.0 mills/kw(e). 
Estimated chemical reprocessing and 
inventory charges for most reactor 
types under consideration today are 
0.5-1.0 mills/kwh. Thus, fuel fabri- 
cation can cost no more than about 
1 mill/kwh if nuclear power is to be 
competitive in the next thirty years. 

The fuel fabrication cost for oxide 
fuel in zirconium for non-recycle fuel is 

(Continued on page 110) 


10 20 


Cost Difference, A (mills / kwh) 


Effect of difference in energy costs between fast breeder 
and thermal breeder on Pu value for two inventory charges 
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Examining the Value of Reactor-Site Environmental Surveys 





A United States View 


By W. B. HARRIS, Health and Safety Laboratory, U 


MANY BELIEVE that some type of pre- 
operational background-radiation sur- 
vey of a reactor site is necessary,* but 
no consensus of type and extent exists. 
Such a should be 
part of an integrated program including 
operational and postincident environ- 


survey, however, 


mental measurements. 
The following 
cedures, which are my views and not 


recommended _pro- 
necessarily AEC policy, should reassure 
the public without unnecessary effort 
and expense to the reactor operator: 
1. If there are compelling reasons to 
compare the level of fission-product 
contamination reactor 
installed with that after an accidental 
release, environmental 
samples can be taken and stored. The 
samples should be obtained from all 


before a was 


preoperation 


different representative soil and biota, 
such as caleium-rich and calcium- 
deficient soils, and soils of high and low 
permeability and runoff. The samples 
must also be collected with 
frequency, so that new data is avail- 
able. 
poned until an incident occurs that 
justifies the cost of analysis. 

2. A large-scale environmental ana- 
lytical program that is carried out 
before contamination is known or sus- 


relative 


Sample analysis should be post- 


pected serves no purpose. 

3. If it is believed that 
geological anomalies will render a 
postincident aerial survey of limited 
value, one should make a_ preopera- 
tional aerial survey. 

4. Plant equipment that is capable 
of contaminating the environment 
(containment enclosures, discharge 
stacks and conduits) should be con- 
tinuously monitored. The activity 
level at such a location would be 
103-10 times higher than after dis- 
persal to the environment, providing 
a more rapid and accurate check. 

5. As soon as monitoring equipment 
contamination 


natural 


indicates a _ possible 


*C. A. Pelletier, Nucteontcs 17, No. 1, 
56 (1959). 
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incident, an aerial survey should verify 
and delineate the extent of the con- 
The equipment should 
be sensitive to considerably less than 


tamination. 


permissible levels on the ground. 
6. Contaminated that 
surveys show to approach permissible 


areas aerial 
levels should be restricted immediately, 
especially those affecting milk or food, 
and monitoring teams dispatched. 
7. If desirable, results 
be checked by analyzing 
previously collected. 


survey can 


samples 


8. A vigorous compaign should be 
waged to sell the survey program to the 
public. A technically unjustifiable 
program to convince the public that 
“something is not 
necessary, especially at the risk of 
increasing public anxiety. 

The 


large-scale environmental study after 


] 


being done” is 


most important reason for a 
an incident is to insure that dangerous 
concentrations of radioactive materials 
are not introduced into the life cycle. 
Other reasons that must be considered 
include (1) determining the need for 
and duration of the imposition of 
restrictions; (2) delineating the extent 
of contamination as it affects third- 
party liability; (3) following the 
attrition rate of the contamination; 
(4) satisfying public concern and pro- 
viding information. 

It has been suggested that a pre- 
operation survey include measurements 
for Sr®, Y%, Pu?, Ar#! and Kr®® (one 
might add Cs!*7 and I'8!), The survey 
might require about 135 air samples, 
50 water samples and 25 samples from 
the ground—including plant and ani- 
mal life. Such a survey is probably as 
good as any other possibility. 

Another suggestion is that the sam- 
ples be analyzed for gross beta activity 
rather than for specific isotopic con- 
tent. Inasmuch as this procedure is 
less expensive, it is worth examining. 

Average contains 1-10 X 105 
dpm/ft? total beta activity, of which 
about one-half comes from UX,, UX; 
and thorium daughters and about one- 


soil 


. S. Atomic Energy Commission, New York, N. Y. 


K+ 


maximum permissible Sr 


The 


concentra- 


half from normal content. 


90 


although never firmly 
about 0.5 x 
soil would have 
10 times the 


recog- 


tion in soil, 
would be 
Thus, 
contaminated to 


level 


nizes an increase. 


established, 
10° dpm /ft?. 
to be 
permissible before one 

Water, on the other hand, presents 
a somewhat different pattern in that 
activity in normal tap water is gen- 
erally 10-100 10-*-10~" 
uc/ml gross beta activity. It is not 


dpm ] or 


unusual, however, to find waters with 
a thousand-fold higher activity because 
of mineral deposits. Here, again, it 
would be difficult to find a concentra- 
tion of 8 X 107° ue 


permissible Sr® level. 


ml, the maximum 


A preoperational survey, therefore, 
would have to employ the analysis of 
rather than 
beta-activity measurement. 

What is the cost of a survey based on 
At HASL, a single soil 
analysis for Sr®® costs about $150 and 
for Cs'*’, $75; we analyze all samples 
in duplicate. The total 
cost for a survey including Pu, Cs and 
Sr would be $100,000-150,000. 


specific isotopes gross- 


200 samples? 


analytical 


Fallout Background 


Actually, Sr®, Cs!*7, I'*! and Pu are 
not naturally present in the environ- 
ment but result from weapons testing. 
In the fallout program, a large number 
of samples has been taken all over the 
Soil analyses made for Sr% 
throughout the United States 
yielded the following results in the 
0-2 in. depth (mc/mi?) :f 


Year Min. Maz. Avg. 
1955 1.5 15.8 8.1 
1956 5.8 21.9 12.4 
1957 6.7 28.3 18.0 


globe. 
have 


can be drawn 
Throughout the 
Sr® level was 


2) In 


Several conclusions 
from fallout data: (1) 
U. §., the 


about 4 times the minimum. 


maximum 


+ W. B. Harris, et al., HASL-42 (1958). 
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a given geographical location, the ratio 
of the maximum to the minimum was 
something less than 2. (3) The level 
risen at a rate of ~50%/yr. 
4) In the 2-year period, 1955-57, the 
rise was greater than the sample-to- 
sample variation in a given locale. 

Such fallout data are published and 
would not differ greatly from the results 
of a preoperational survey. It is thus 
extremely unlikely that a survey could 
be of establishing au 
significant increase. 


has 


real value in 


Windscale Experience 


The only major environmental con- 


tamination, thus far, was the 1957 


Windscale incident. During a fire in 
one of the plutonium-producing re- 
actors, there was a significant release 
of irradiated fuel material. Strangely 
enough, it was not the Sr, Cr!%’, 
argon, krypton or plutonium that was 
the greatest potential hazard, but 
rather the I'*!. It was quickly noticed 
that I'*! tended to concentrate in milk 
in sufficient quantity to threaten high 
thyroid exposures. Permissible levels 
of iodine could be measured immedi- 
ately with a portable survey instrument. 

Following the initial survey results, 
certain farming areas were closed to 
milk sale, and the milk was bought up 
and dumped. Successive addition to 


the exclusion areas caused considerable 
public anxiety and probably accounted 
for the worst of the public relations 
problems. 

One of the strong recommendations 
of the British investigating team was 
that there be available an aerial-survey 
capability that could immediately 
delineate active areas and thereby set 
a maximum exclusion area, which 
could be decreased later after manual 
surveying. The effectiveness of this 
aerial survey might be improved by a 
similar preoperation survey. How- 
ever, chemical analysis of environmen- 
tal samples taken prior to operation 
would have contributed nothing. 


A United Kingdom View 


By H. J. DUNSTER, United Kingdom Atomic Energy Authority, Health and Safety Branch 


THERE IS UNDOUBTEDLY a case for carrying out preopera- 
tional (or at least preaccident) surveys round reactor sites, 
but they must be planned by appropriate specialists. In- 
discriminate collection and examination of samples is not 
justifiable and is likely to discredit the whole concept of 
environmental monitoring and even to cast doubts on the 
degree of scientific supervision maintained by the manage- 
ment concerned. 

\ primary reason for the controversy over preoperational 
surveys is the uncertainty about the aims of such surveys. 
It is axiomatic that a preoperational survey is of no value 
unless it is followed either by routine operational surveys 
or by emergency surveys after an accident. It is also true 
that a background survey, if needed, must be made by 
methods comparable to those used for later surveys. The 
first requirements, therefore, is to define the objectives of 
operational and emergency surveys. 

toutine operational surveys are primarily for estimating 
the dose to people (or possibly animals) due to the release 
of radioactive materials (e.g., wastes) during normal opera- 
tion. If these releases are too small to cause an appreciable 
dose to people or beasts, operational surveys around a 
reactor are no more justified than they would be around 
hospitals handling radioactive materials. 

A secondary aim sometimes mentioned for operational 
surveys is to establish that there has been no change in the 
background level of radioactivity. Unfortunately, this is 
an impossible aim. However elaborate the surveys, they 
can never do better than show that the change in back- 
ground radioactivity has not exceeded some chosen value. 
This statistical limit is completely arbitrary unless it can be 
related to some maximum permissible value, and this can 
be derived only by considering the dose to man or beast. 

In short, if a routine survey is needed, a maximum per- 
missible value must be derived for every type of measure- 
ment made. If this cannot be done, the measurement is 
worthless for survey purposes. Harris has explained why 
it is difficult to make gross beta measurements meet this 
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criterion. In what follows, I have assumed that specific 
analyses are performed, at least for important nuclides. 

Preoperational surveys are needed if the preoperational 
values of measurements chosen for the operational surveys 
are likely to be an appreciable fraction (~10%) of the 
maximum permissible values. Such pre-existing values 
might be due to neighboring installations, or conceivably to 
weapons fallout, but they are only in very rare cases due to 
natural radioactivity. In most cases, therefore, background 
radioactivity is not constant, and the background survey is 
of little value unless it can be related to national or regional] 
surveys aimed at measuring the source of this background. 
In preoperational surveys around reactors, it will normally 
be sufficient to measure Sr® in biological materials in a 
manner comparable to that used by national surveys for 
Sr® from weapons tests. 

Following a major reactor accident, very extensive 
surveys are required for obvious reasons. The primary 
aim will always be to fix control measures and establish their 
extent. Because permissible emergency levelst are high 
relative to background values, a preaccident survey is not 
generally needed. There is, however, one exception. If, 
as will often be the case, the major hazard from the accident 
is the release of radioiodine, it will be possible to obtain 
valuable early information about the extent of the con- 
tamination of grazing land by taking a rapid gamma survey 
from automobiles or aircraft. In either case, the precision 
of interpretation can be substantially increased if an 
accurate gamma background survey has been carried out. 

A further justification for well planned preaccident sur- 
veys is that they increase the scientific value of an emer- 
gency survey. Some reactor owners may wish to make this 
contribution to science, even though the data will not be 
needed for public health control. 


t Medical Research Council. Maximum permissible dietary 
contamination after the accidental release of radioactive material 
from a nuclear reactor, Brit. Med. J., 967 (1959) 
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Careful attention to additives, concentration, time and temperature 


turns up clues to radiation effects long hidden among uncertainties 


that make many earlier irradiations impossible to interpret 


By CONSTANT WIPPLER, Research Laboratories of Saint-Gobain, Antony, Sé ine, France 


RADIATION EFFECTS remain full of 
mystery despite studies that span years, 
continents and academic disciplines. 
One of our attempts to clear some of it 
away consists in studying one sub- 
stance, polyvinyl chloride, in many 
forms and under many conditions. By 
comparing results we are trying to find 
out what happens and how and why 
and where. 

We look for reaction rates and the 
effect on them of doses, dose rates and 
temperatures. By applying methods 
of chemical kinetics we get clues about 
reactive species. We irradiate solu- 
tions of different concentrations and 
draw conclusions about the influence of 





Solubility of Irradiated PVC in THF* 


PVC insol- 
Solvent uble (% 
Cyclohexanone 0 
Acetone—carbon disulfide 
(60/40) 0 
Acetone 5-8 
Butanone 5-1 
Tetraline 10) 
Benzene-acetone (40/60) 10 
Benzene 44 
Dioxane 80 


0 


Ethylene oxide 90 
Tetrahydrofurane 90 
Dimethylformamide 97 


* Irradiation was to 3 X 10’ r in gels 
made of 20 gm of PVC in 100 gm of gel. 
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We ir- 
radiate pure PVC and specimens with 
From all of these 
experiments we try to deduce a set of 


distances between molecules. 
common additives. 


reactions that explain what we see and 
predict what we will find in the future. 
So far the picture is cloudy, but clarity 
will come. 


IRRADIATED SOLUTIONS 


Experiments on polyvinyl chloride 
PVC) solutions are particularly inter- 
esting because they permit us to study 
radiation effects as functions of inter- 
molecular distance. We measure such 
things as average molecular weight, 
intrinsic viscosity and solubility as 
functions of dose and PVC concentra- 
tion. As we interpret our curves, we 
find that we can deduce that under 
some conditions molecules form links 
with other molecules; under others they 
form links only within themselves. At 
critical concentrations one effect may 
occur first, followed by the other. 

tesults depend on the solvent (/) as 


. shown in the table on this page. Here 


we report solubility of PVC in tetra- 
hydrofurane (THF) after irradiation to 
3 X 107 r in gels made with various 
solvents (20 gm of PVC in 100 gm of 
gel), 

For brevity let us concentrate on two 
typical cases: solutions of PVC in THF 
2) and those of PVC in cyclohexanone 
CH) (3). With the first of these two 
solvents we observe both intermolecu- 
lar crosslinking and linking within the 
molecule (intramolecular linking.) 


le (%) 


2 


nm 
sis 


Froction of PVC Insoluble 


oo 


3 ; 6 
Dose (10 r) Fi 


| 


o-—— 


FIG. 1. INSOLUBILITY appears at thresh- 
old dose and increases rapidly if concen- 
tration is great enough to permit PVC 
molecules in solution to overlap 


With the second the linking is strongly 
inhibited. 

Since preliminary tests showed that 
irradiation in air and vacuum gives 
essentially the same results, we irradi- 
ate our solutions in ampoules that are 
sealed but not evacuated. 


PVC in Tetrahydrofurane 


The variety of crosslinking and intra- 
molecular linking that occurs when 
PVC is dissolved in small concentra- 
tions in THF and irradiated can be 
demonstrated by plotting solubility, 
average molecular weight and intrinsic 
viscosity as functions of dose. 

Solubility. The fraction of PVC 
that is insoluble (see Fig. 1) confirms 
predictions of Charlesby (4). All of 
the PVC is soluble until the dose ex- 
ceeds a threshold (in Fig. 1,3 &* 10®r). 
As doses become greater than the 
threshold, the insoluble fraction rapidly 
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Irradiation Mechanisms. 
in Polyvinyl Chloride 





SMALL 


DENSITY Oo 


Perham & 


Links within 
molecule make 
it smaller 


DENSITY 


7. 





‘ 


‘make them larger 


Links between 


How density of PVC molecules in THF solution alters effects of radiation on PVC is shown here 


becomes large ( harlesby has shown 
that the shap of the curve depends on 
initial distribution of molecular weights 
in the PV( 

Average molecular weight. Let us 
turn from what we could learn by fur- 
ther study of solubility and ask what 
goes on in the solution before it reaches 
the gel point. In the range of concen- 
trations we have studied, the weight- 
average molecular weight M, always 
increases with dose, and always at great- 
er rates as the concentration is increased 
see Fig. 2) For the largest concentra- 
tions 1/M,, decreases linearly with dose 
except perhaps at the beginning of ir- 
radiation, when the decrease is more 
rapid than subsequently. 


which 1] 
the threshold dose 


The dose for M,, is zero is 
at which an insolu- 
ble portion of PVC appears—the gel 
point (4 

For critical concentrations of 4—-4.5%, 
on the other hand, the curve is no 
r linear but bends and approaches 
Fig. 2). 


Molecular weights are very large, and 


iongt 
the horizontal axis (see 


it is difficult to determine the gel point. 
Finally, for the 


2°" 
>] 


smallest concentra- 
doses as great as 10° r 
nsufficient to produce insoluble 


ase ol average molecular 
less and less as con- 


at 0.3% 
hardly varies with 


becomes 
centration decreases; average 


molecular weight 


dose 
The 


entration is demonstrated even more 


Viscosity. influence of con- 
studying intrinsic vis- 
cosity of irradiated PVC (Fig. 3). 
Viscosities uniformly with 
concentrations greater than 


strikingly by 


increase 


dose for 


5%—except, perhaps, in the vicinity 


of the a decrease uni- 


gy point: they 
formly for concentrations less than 4%. 
At a criti 


the vis 


al concentration of 4.5% 
a startling thing: 


osity does 
increases with dose; then, 
the 
Only 


ighborhood of this concentra- 


it first it 


just before the solution reaches 


gel point, it decreases rapidly. 
in the ne 
tion do the experimental curves follow 
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theoretical curves of Schultz and his 
collaborators (4). 


Meaning 


How is one to interpret the striking 
effect of concentration on changes of 
solubility, molecular weight and vis- 
We do not think that it is a 
competition between crosslinking and 
matter the 
concentration (from 0.3 to 20%) light- 
scattering measurements that 
PVC is not degraded. Moreover the 
w4AD which 


cosity ? 


degradation. No what 


show 
concentration of below 
one cannot make a gel is much greater 
than that at which PVC molecules in 
solution begin to overlap significantly. 

As another argument, the threshold 
dose required for appearance of the gel 
diminishes regularly with concentra- 
tion; there is no minimum in the curve 
of threshold against concentration as 
found, for example, by 
Alexander (6) for 
substances in which degradation and 


has been 


Charlesby and 
crosslinking compete. 

Our interpretation of the results is 
this: At small concentrations (<<1%) 
considered as 
links 
neighboring molecules; average molecu- 
lar weight is almost independent of 
What happens, on the 


each molecule can be 


isolated; it cannot form with 


dose (Fig. 2). 
contrary, is a linking within the mole- 
cule that decreases intrinsic viscosity 
(Fig. 3 and figure at top of this page). 

We know that under the influence of 
Brownian motion the configuration of 
a macromolecule in solution changes 
continually in such a way that local 
concentrations of monomer units un- 
dergo significant fluctuations. At re- 
gions within the molecule where this 
local concentration is greatest, intra- 
molecular linking can take place most 
readily; in other words this linking 
favors the most compact configurations. 

As long as concentration is small 
enough that molecules do not overlap, 
the phenomena we have just described 
concentration; 


are independent of 


effectively the curves showing average 


vis- 
9 


molecular weight and _ intrinsic 
cosity as functions of dose (Figs. 
and 3) lie very near one another for 
concentrations smaller than 1%. 

On the other hand, when concentra- 
tion of PVC is increased, molecules 
come in contact and even penetrate 
one another more and more frequently. 
Irradiation then causes crosslinking of 
different 
increase of average molecular weight 


molecules, which causes an 


and a decrease in viscosity that is less 
pronounced than for small concentra- 
tions. As the first intermolecular 
links formed, the 
occupies a volume barely smaller than 
that initially occupied by the 
stituent But as we 
already seen, this volume continues 
under the influence of 
intramolecular linking. In the 
the become isolated 
one another once again; intermolecular 


are new molecule 
con- 
molecules. have 
to diminish 
end 
molecules from 
crosslinking ceases; average molecular 
weight no longer increases. 

When the concentration is increased 
beyond 4%, the reduction in molecular 
volume caused by intramolecular link- 
ing is insufficient to bring 
isolation of PVC molecules from one 
another. Average molecular weight 
increases rapidly with dose (Fig. 2); 
little or 
increases (Fig. 3); and at some thresh- 


about 


viscosity diminishes even 


old dose an insoluble fraction appears. 


PVC in Cyclohexanone 


Quite different are our observations 
on solutions of PVC in cyclohexanone 
(CH). You will see from the table that 
PVC CH then ir- 


radiated does not become crosslinked. 


dissolved in and 
One can ask whether in this situation 
the number of links is too small to 
form a gel, whether because of some 
particular structure within the solution 
there is only linking within the mole- 
cule, or whether, on the other hand, 
the PVC 
under irradiation. very recent 
measurements (3) assure us that PVC 
irradiated in a CH solution is hardly 
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molecule becomes degraded 
Some 





of PVC -0.3% 


- of 











Intinsic Viscosity (cm3/gm) 





Reciprocal of Molecular Weight (107°) 


‘) 7 
Dose (lO r) 
FIG. 2. 


modified at all by gamma rays. 
Incidentally, one finds that evolution 
of gas in these irradiations is much 
smaller than in those of PVC in THF. 
Now there task of 
explaining the different behavior of 
PVC in the two solvents. We 
admit that we have no explanation to 


remains the 
must 


propose. In any case it does not 
appear that the quality of a solvent 
plays any role at all, as Henglein says 
it does in experiments with polystyrene 
(7). Moreover 


there is no evident 


relation between radiosensitivities of 
solvents and their abilities to inhibit or 
promote linking. 

We think that the particular be- 
havior of PVC gel is caused by the 
action on the solvents of chlorine and 
hydrochloric acid evolved during ir- 
Thus for THF 
we have succeeded in showing that 
from this action the THF 
opened and the biradical so formed 


radiation. solutions 


ring is 


fixes on surrounding PVC molecules, 
thus participating in inter- and intra- 
molecular links (8). 


IRRADIATION OF PURE PVC 


Paradoxical as it may appear, the 
least data are available for irradiation 
of pure PVC. 
have occupied themselves with research 


Most researchers who 


on this polymer have used commercial 
PVC in half-finished products that 
contain thermal stabilizers and _ plas- 
ticizers. But as we will 
these additives play a determining role 
in the response of PVC to radiation. 

We have studied the effects of oxygen 
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soon see, 


MOLECULAR WEIGHTS INCREASE WITH DOSE (recip- 
rocals decrease) until internal linking makes molecules small and 
increases separation between them; then curves jevel off 





FIG. 3. 


solubility and color of 

PVC. When these 
excluded, we find that 
PVC is not degraded by irradia- 


and heat on 


irradiated pure 
two agents are 

pure 
tion. In this interpretation we dis- 
agree with earlier assertions of Chapiro 
9), who has made extensive studies 
of pure PVC fibers and films. 

Chapiro has studied particularly the 
influence of dose on softening tempera- 
His results him to assert 
that PVC is degraded if irradiation is 
performed in air although in vacuum 
The 
must always be greater than 2 < 10’ r. 

After a preliminary experiment (1) 
we stated to the that the 
molecular weight of PVC experienced 
little 
Since that time we have undertaken a 


ture lead 


only crosslinking occurs. dose 


contrary 


only change with irradiation. 
systematic study of irradiation of pure 
PVC under vacuum. 
The results we now have draw our 
attention to the importance of experi- 
We have observed, 
PVC 


then put in air, undergoes 


mental conditions 
for example, that irradiated in 
vacuum, 
chemical changes caused by 
Moreover these 
can be accelerated by heating. 
We see, then, that if one wants to 
the state of PVC after irradia- 
tion, one must carry on all analyses 


rapid 


oxidation changes 


know 
and espe ially make all dissolutions in 


an inert atmosphere. Even under 
these 
dependent changes in the solutions. 

Plainly 


radiation as a 


conditions one observes time- 
influence of 
of all 


Let us begin 


studying the 
function these 


variables is a long task. 


VISCOSITY DECREASES OR 
depending on concentration. 
crosslink at first, then become small with internal linking 





yee 3 
Dose (10 r) 


INCREASES with dose 


At 4.5% concentration molecules 


here with some general results that 


stand out from our study. 


Solubility 

PVC 
pumped vacuum changes only very 
slowly. 10’ r 
its solubility in THF distilled under 
nitrogen remains total. At4.5 x 10’r, 
on the other hand, about 50% of the 


irradiated in a continuously 


Thus at doses up to 2 X 


polymer is insoluble; at 7.5 « 107 r, 
80%. 

If one heats the irradiated powder 
in vacuum, one finds that PVC exposed 
to 2 * 10’ r becomes partially insoluble 
that this 
with increasing doses. 


insolubility increases 
Control PVC, 


treated in the same way but not irra- 


and 


diated, remains totally soluble. 

These phenomena partly explain the 
disagreement between results obtained 
by Chapiro at 2 10’ r and our own. 
As a criterion of crosslinking, Chapiro 
takes 
function of 


elongation of his fibers as a 


temperature. According 
to what we have just seen, it is quite 
probable that the linking he observes 
at 2X10’ r 


specimens are heated. 


occurs only when his 


Changes that occur in PVC when it 
THF 


irradiation depend essentially on con- 


is put into solution in after 
centration; at weak concentrations the 
changes are relatively unimportant; at 
strong ones, on the other hand, one 
can observe a delayed crosslinking and 
formation of an insoluble gel. 

For this take 
supplemental precautions when making 


reason one must 


solutions for physical- 


August, 1960 - NUCLEONICS 


purposes ol 





chemical The dissolution 
should be done as rapidly as possible 


— 
analysis. 


and at as great a dilution as possible so 
that the molecules do not have time 
to react another. Measure- 


immediately to 


with one 
should 
minimum the influence of 


ments follow 


reduce to : 


all delayed reactions. 


Color 


There remains the problem of bring- 
ing precision to coloration phenomena. 
This question by itself could be the 
subject of an article at least as big as 
thisone. We willsimply call attention 
to the fact that pure PVC, in contrast 
to PVC that we irradiated in 
solution, becomes permanently colored 
The 
solutions of this PVC are also colored, 
but this coloration has a tendency to 
become dull with time; dilute solutions 


have 


under the influence of radiation. 


rapidly bec yme quite colorless. 


ROLE OF ADDITIVES 


For the influence of additives on the 
to radiation of PVC one can 
turn to many experiments performed 
on commercial (10-22). At 
first, the 
obvious lack of precision, one may ask 


re Sponse 


varieties 
indeed, as one considers 
whether all of this work is not valueless. 
Conditions are sometimes well defined, 
often Personally, 
not so pessimistic. 


but mor poorly. 
howe ver, Wwe are 
One must not forget that the purpose 
of this research was often technological: 
to find a material suitable for use with 
No more can one forget 
drawn atten- 
tion to factors that influence 
the PVC to radiation— 
such as stabilizers and plasticizers. 


radiation. 


that this research has 
many 


response of 


One can probably go as far as to say 
that if disagreement among authors is 
flagrant, as in fact it is, it probably can 
all be the 
additives usually incorporated in PVC 

21 Let us briefly summarize our 
results that support this thesis (21, 22). 

Experiments have been done both in 
air and in a static vacuum, and results 
differ. To lighten the burden 
of interpreting let us limit 
ourselves to irradiations in air; these 
correspond most closely to conditions 
of practical use of PVC. 


explained as caused by 


olten 
them, 


Experiments 


We have studied four thermal stabi- 
two are stearates (of lead and 
sodium); one is an organo-tin deriva- 
and the other is diphenylthiourea 


lizers: 


tive, 
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(DPTU). Stabilizer concentration is 
1-6%. 

As plasticizers we use tricresylphos- 
phate (TCP), butylphthalate (BP) 
and dioctylphthalate (DOP) at a 
concentration of ~30 gm of plasticizer 
per 100 gm of mixture. Using a Co 
source that delivers 100,000 r/hr we 
irradiate 3 X 15 X 100-mm strips to 
doses of 10%-108 r. Subsequently we 
make observations of 
density, solubility in THF and mechani- 
‘al characteristics. Insoluble PVC is 
assumed to be crosslinked. 

Results. In general the greater the 
concentration of stabilizer in the 
plastic, the greater is the variation in 
its physical properties with irradiation. 
But stabilizers protect the appearance 
of PVC in the following order (best 
first): stearates, DPTU, organo-tin. 
Plasticized PVC specimens are much 
less colored by radiation than rigid 


appearance, 


specimens. 
Different 
effects on 


have different 
crosslinking: Rigid PVC 
stabilized with a stearate crosslinks 
readily. So does that stabilized with 
DPTU, though to a smaller extent. 
But specimens stabilized with the 
organo-tin derivative always remain 
soluble. These effects are the same 
in both rigid and plasticized PVC 
except that specimens plasticized with 
TCP are soluble no matter what the 
stabilizer. 

Variations in mechanical properties 
are generally small except perhaps for 
specimens plasticized with TCP. With 
these one observes in particular an 
increase in Young’s modulus and a 
decrease in the stretch modulus. 

Mechanisms. It is 
try to explain the observed phenomena 
with the classical theory of thermal 
stabilization. Thus because stabiliz- 
ing agents derived from stearates have 
an action limited to fixing hydrochloric 
acid liberated by irradiation, they 
leave free radicals available and en- 
hance formation of between 
molecules. It is not astonishing that 
PVC so stabilized crosslinks. Organo- 
tin derivatives, on the other hand, 
attach themselves to double bonds and 
by blocking them prevent formation of 
intermolecular bonds. Of DPTU the 
stabilization mechanism is less known; 
it is generally accepted that its action 
is by modification of oxidation. 

However all that may be, we feel 
that the true explanation must be 
more complex. When one follows a 


stabilizers 


reasonable to 


bonds 


physical property of the stabilized 
polymer, optical density for example, 
as a function of dose, one finds that 
the curve suffers a sudden break at 
some critical dose (Fig. 4) (22). The 
critical dose is proportional to con- 
centration (for PVC stabilized with 
3% of an organo-tin derivative it is 
~10' r). 

It is logical to assume that the 
critical dose corresponds to complete 
exhaustion of the stabilizer. But then 
the mechanisms we have described 
earlier for influences of additives would 
apply only at relatively small doses; 
one must look further for mechanisms 
that operate at large doses. 

In explaining the action of plastici- 
zers we are also reduced to offering 
hypotheses. It might be owing to the 
oxygen they contain in relatively im- 
portant concentration. Perhaps these 
oxygen atoms act alone; it appears 
more logical, however, that they come 
into play through radiochemical forma- 
tion of active oxygenated compounds 
that attach themselves to the polymer 
chain. Equally likely and already 
well known is the fact that benzene 
rings and conjugated double bonds 
offer protection through their elec- 
tronic configurations. Thus the action 
of TCP in particular could be explained 
by the presence of three aromatic 
groups. Finally, the plasticizer plays 
the role of a diluent; in this way it 
would, in particular, decrease color 
formation. 

From all of these 
what can we say of the mechanism of 
interaction between PVC and ionizing 
radiation? 


RADIATION AND PVC 


We leave the subject of interaction 
mechanisms to the end of this article 
because once again we must be content 


considerations, 
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FIG. 4. OPTICAL DENSITY curve displays 
hard-to-explain break at critical dose 
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a brief summary of our methods: 
produced by bulk polymerization. 
cm*/gm. 


PVC is crosslinked. 


lar weight. 


on Macromolecules (23). 


and based on torsion measurements. 
classical pendulum method. 


Our Experimental Methods 


Since many of the results we quote are from our own experiments, we offer 


The PVC with which we work is a commercial! powder 
Its weight-average molecular weight is 
~85,000; intrinsic viscosity measured in tetrahydrofurane (THF) is 
Irradiations are with a Co®® source producing ~100,000 r/hr. 
After irradiation we determine solubility in THF and assume that insoluble 
Possibly these insoluble fractions in fact contain some 
very-high-molecular-weight molecules; we fee! that we can neglect them in a 
first approximation as compared with truly crosslinked PVC. 

Sometimes we measure both intrinsic viscosity and weight-average molecu- 
For the first, we use Ubbelohde viscosimeters at 25° C. Molecu- 
lar weights are determined from the intensity of scattered light measured 
with a commercial apparatus designed at the Strasbourg Center for Research 


Young’s modulus is calculated by a method standardized by Saint-Gobain 
Impact strengths are determined by the 


C, of Saint-Gobain) 


~80 











several re- 
their best 


Although 
searchers have exerted 
efforts to describe the mechanisms 
involved (9, 18, 22), none of their 
hypotheses is entirely satisfying. We 
lean toward the explanation of 
Pravednikov and his collaborators 
(18), who have based it on studies of 
the rate of linking as a function of 
time and temperature. 

Linking speed is independent of time 
and radiation intensity. Consequently 
one cannot assume an intermolecular 
bonding initiated by two free polymeric 
radicals, both formed by the direct 
action of radiation. 

The crosslinking reaction would be 
monomolecular, therefore (its rate 
depends on the concentration of a 
single molecular species). One might 
conceive that its principal steps are as 
follows: 

When radiation acts on a molecule 
an electron is ejected from its orbit 
with the formation of a positive ion: 


R—CH:—R 
— R—CH;*—R +e (1) 


with guesses. 


This ion is rapidly neutralized by a 
thermal electron; the products are, 
first, a greatly excited molecule and 
then, on liberation of a hydrogen atom, 
a free radical: 

R—CH.*—R + e~ 
— R—CH.*—R 
CH- 


—R R+H (2) 


The hydrogen atom would react in 
turn with a macromolecular chain, 
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forming a hydrogen molecule and 


macroradical: 
R—CH 


CH—R +H; (3) 


Finally, two macroradicals would 


combine to form an intermolecular 


bond: 


CH—R 
R—CH 
(4) 
R—CH—R 


There is further confirmation of this 
theory if one studies the amount of 
linking for a given radiation dose as a 
function of temperature; one gets a 
curve made up of two distinct parts: 
than the 


‘ 


For temperatures smaller 
glass-transition temperature (~80° ( 
for PVC) the amount of linking varies 
only a little with temperature. For 
greater temperatures the amount in- 
creases rapidly with temperature. 
Pravednikov explains this phenome- 
non with the same mechanism that has 
been outlined above for crosslinking. 
Thus at low temperatures the reactions 
will take place with participation of 
atoms; the rate 
depend the activation 
of these reactions than on the 


energetic hydrogen 


will less on 
energy 
probability of collisions between ener- 
hydrogen atoms and polymer 

This probability is very great, 
the formed in Re- 
action 3 the neighbor- 
hood of the one formed in Reaction 
2. The rate of linking by this mech- 


getic 

chains. 

and macroradical 
will be in 


anism evidently will not depend on 
temperature. 

At greater temperatures the hydrogen 
that have lost their extra 
energy, the thermal atoms, 
into the act. the 
atoms that have enough energy de- 
pends on the statistical distribution, 
the will 


depend on concentrations of reactants, 


atoms 
can get 


Since number of 


rates of various reactions 
energies of activation and temperature. 
Reactions 3 and 4 will have more and 
more chance of occurring as the tem- 
perature increases. One effect is that 
under these conditions Reaction 3 will 
have greater probability of occurring 
near the Reaction 
1; another is that the combination of 


macromolecule of 


macroradicals will be greatly 


additional mobility of 


two 
facilitated by 
the polymer chains. 

It is evident that at low temperatures 
thermal hydrogen atoms can partici- 
pate in Reaction 3, but the radicals so 
formed are too far separated to react 
with one another; thus they remain 


“frozen.”’ Then it is enough to heat 
the irradiated PVC to produce cross- 


linking, as our experiments have 


shown. 
In what we have just said we have 


spoken only of hydrogen atoms; it 


is plain that analogous mechanisms 


can be imagined for chlorine atoms. 
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big stuff to quality-inspect? 


need to radiograph giant castings 
‘so for reactor systems? 

or weldments on thick-walled 
pressure vessels? 


or feet-thick solid fuel volumes? 
or even heavy lead slabs, maybe? 


such jumbo jobs are meat for the massive 1” 
power (2-3 million volt equivalent) of 
Picker’s Cobalt 60 Cyclops. for instance .. . a - 


it will find a flaw this small@ in a 10” thick steel 
casting... the penetrameter will show clearly on the film 


(Cyclops users readily produce radiographs that meet and often 
better the 2% sensitivity requirements of most radiographic inspection codes.) 


with radiographic power like that, Cyclops makes short shrift 
of less formidable jobs, too... 
; gets through 5” of steel in 5 minutes 


(And thanks to its unique collimator, secondary radiation is so cut down 
that radiographs made with Cyclops are characteristically snappy with 
detail-disclosing contrast.) 


Cyclops is compact enough to mount 
on a go-to-the-job mobile carriage 


(Or on a variety of other supports tailored to the workload. 
Seen here is a jib-mounted unit at Cooper-Alloy Corporation 


big surprise is Cyclops low cost 
(about one-fourth the price 
of equivalent energy x-ray 
equipment) 


There’s much more to tell about Cyclops. 
Get the full story from your local Picker 
office (see *phone book) or write 

Picker X-Ray Corporation, 

25 So. Broadway, White Plains, New York. 
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TABLE 1—Radiation Destruction Coefficients and Radiation Yields* 


Destruction coefficients 


Compounds 
Saturated hydrocarbons 
Unsaturated hydrocarbons 
Aromatic hydrocarbons 
Alcohols 
Ethers 
Ketones 
Carboxylic acids 
Esters 
Organic halides 
Quaternary ammonium salts 
Amino acids 


* Data are from Ref, /. 


(molecules 


100 et 


Radiation yields 
molecules /100 ev) 


Radiation-induced 


reactions 


4-2, 000 


5; CO, 1-3 
He, 2- 
HX or 144 X2, 2-5 
amines and aldehydes 


ammonia, amines, CO, 


t+ Estimated values 


fragmentation, dimerization 
polymerization 
polymerization 
fragmentation, dimerization 
fragmentation, dimerization 
fragmentation at CO 


102, 1-4; CO, 0.1-0.5 


fragmentation at ester group 





Self-Destruction in 


By BERT M. TOLBERT, University of Colorado, Boulder, Colorado 


In the use of labeled organic com- 
pounds a frequent problem is decom- 
position induced by radiation from the 
labeling radionuclide. For example, 
unless special storage conditions are 
used, a C'4labeled organic of specific 
activity greater than 1 curie/mole must 
be suspected of radioactive impurities 
after storage for a year. It should be 
repurified if such radioactive impurities 
can harm an experiment. 

The amount of decomposition is a 
function of specific activity, radiation 
sensitivity and the type of radioactivity 
in the label. From appropriate tables 
(see those that follow) and other nu- 
clear data an experimenter can make 
reliable estimates of how much decom- 
position has occurred. With special 


storage techniques one can greatly re- 
duce this decomposition. 


Rate of Destruction 


In evaluating self-decomposition of 
labeled compounds we are most inter- 
ested in a destruction coefficient (a 
negative radiation yield or G-value) 
defined as the number of molecules of 
a substance permanently altered or de- 
composed per 100 ev of energy ab- 
sorbed from ionizing radiation. De- 
struction have not been 
determined for many compounds, but 
a summary of known and estimated 
values is given in Table 1 (1). 

We see that many compounds have 
destruction of 5-10 for 
irradiation of pure materials in vacuo. 


coefficients 


coefficients 


Radioactive Compounds 


fairly 


CcTOs8S- 


Unsaturated hydrocarbons are 
unstable extensive 
linking and polymerization reactions. 
In contrast aromatic hydrocarbons are 
singularly stable—probably because of 
their intrinsic thermal-chemical stabil- 
ity and the availability of energy- 


because of 


transfer processes to degrade energy 
rapidly before chemical effects 
occur in an excited molecule. 
Thus energy-transfer processes are 
important in radiation destruction of a 
given system. The work of Burton 
and his co-workers has demonstrated 
the effect of energy-transfer processes 
on radiation yield of molecular hydro- 
gen in irradiation of cyclohexane, ben- 
zene and various mixtures of these com- 
pounds (see figure). A small amount 


can 





Specific 
activity 


1 me/gm 2.3 X 10° 
10 me/gm 2.3 X 104 
100 me/gm 2.3 X 105 
1 


No hw bw tb 


1,000 me/gm 2.3 X 10 
1 mc/mMt .8 X 104 


to 


* Integral doses for periods stated with allowance for radioactive decay. 


TABLE 2—Self-Radiation Doses for Labeled Compounds* (rads) 
In 1 day 
cia H? 


9 X 10? 
9 X 10 
9 X 10% 
.9 X 10° 
3 xX 10 


H3 
104 
10° 
10° 
10? 
10° 


9 X 10° 
9 X 10 
9 X 10° 
9 X 10° 
7 X 10° 


mq J J 


oS 


In 1 month 


In 1 year 


_ 


¢ For compounds of molecular weight 125 
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of benzene disproportionately reduces 
the hydrogen yield as compared with 
the straight line one would expect of a 
mixture displaying no interaction; ben- 
zene protects the cyclohexane (2-64). 
If we that a labeled-com- 
pound sample has dimensions large 
with the radiation path 
length, easily calculate self-radi- 
ation calculating energy 
emitted and dividing by sample mass 
(6). This calculation is usually valid 
for solid samples of C', S** and tri- 
tium-labeled compounds. For emit- 
ters of gammas and energetic betas 


assume 


compared 
we 


dose by 


such as P*? and I'*! such simple calcu- 
lations are not valid because most of 
the radiation energy will be absorbed 
outside the sample. 

The simple method for totally ab- 
sorbed radiation has been used to calcu- 
late the self-radiation dose rates of 
Table 2. For the same specific activ- 
ity, C'4- and S**-labeled compounds are 
comparable in self-radiation dose rate, 
but the short half-life of S** (87.1 days) 
indicates that the dose rate for S*- 
labeled samples rapidly. 
The relatively small values for P#- 
labeled compounds in the last column 
of Table 2 result from the shortness of 
the half-life of this nuclide (14.3 days). 

If one knows a self-radiation dose 
(for example from Table 2), the molecu- 
lar weight and the destruction coeffi- 
cient of a compound, one can calculate 


decreases 


the amount of radiation decomposition 
that occurs. In Table 3 are fractional 
decompositions for a compound of 
molecular weight 125 as a function of 
dose and destruction coefficient. We 
see that for doses greater than 107 rads 
self-decomposition is quite important. 


Protecting Compounds 


Reduction of self-decomposition in 
labeled organic compounds is possible 
in several ways. Some of the most im- 
portant are: 

e Dissolve the compound in a protect- 


ing solvent. This can be benzene or 





TABLE 3—Per Cent Decompositions* 
Dose 

rads) G 5 G=-10 G= —20 
0.24 
2.38 
21.4 
90.9 


10° 0.06 0.12 
10’ 0.59 1.19 
108 5.8 11.3 
10° 15.0 70.2 


* Calculated for a molecular weight of 
125. Values given are % decomposition. 
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wo 


Expected yield with 
‘no interaction 
» 


LS 


nm 


Actual 
yield 


—_ 


Radiation Yield of H» (molecules/100 ev) 
w 


s 
Cyclohexane ~<a “, 
only te 

0204 06 08 

Quantity of Benzene (electron fraction) 
BENZENE PROTECTS CYCLOHEXANE so 
that radiation yield of mixtures follows 
curved line instead of straight one 








L 





some other aromatic compound. It 
can also be an unreactive ester, alde- 
hyde, acetone or other double-bond- 
containing molecule. In general, water 
is not a good protecting medium be- 
cause radiation produces long-lived re- 
active intermediates such as H2O» or 
HO, that readily attack the dissolved 
compound. 

e Absorb the compound on a solid 
matrix in a very thin, even mono- 
molecular, layer. Under these condi- 
tions most of the radiation will be 
absorbed in the solid matrix. Good 
possibilities here are paper, in 
a paper chromatogram, ion-exchange 
resins, clays and zeolite. 

e Convert a radiation-sensitive com- 
pound to a more stable derivative. 
Choline chloride is quite radiation 
sensitive but choline bromide, choline 
iodide, and choline acetate are not. 
In general, iodides, benzoates, pheno- 
lates, and acetates should be good 
possibilities. 

e Keep the labeled compound cold, 
preferably in a deep freezer. Destruc- 
tion coefficients usually decrease with 
decreasing temperature. 

e Store in vacuo. 
ways increases the values of destruc- 
tion coefficients. 


as 


Oxygen almost al- 
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Quartz monochromator 
features high speed, 
range from 1850A to 3u 


The Gaertner Quartz Monochro- 
mator gives you convenient read- 
ing with its large, flat wavelength 
dial. The Monochromator can 
be supplied with a camera 
attachment (L234-150A) which 
converts it to a high aperture 
spectrograph. This precision- 
made, quality instrument pro- 
vides an exceptionally good 
monochromatic light source. Its 
high speed and wide range make it 
extremely useful in the study of 
absorption spectra, photosensitive 





materials, phosphorescence, en- 


| ergy distribution of light sources, 


: ie 
| and in many other applications. 


Gaertner offers a diverse line of 
precision optical and measuring 
instruments to scientists in all 
fields. Our services include modi- 
fications of these instruments to 
meet unusual needs, complete de- 
sign and manufacture of special 
instruments and optical systems, 
and manufacture of assemblies 
and instruments from customer 
sketches and drawings. 


Write for information about 
| optical or measuring instruments 
| used in your field. For a complete, 

detailed description of Gaertner 
Quartz Monochromators, request 
Bulletin 158-52. 








| Designed and manufactured in the U.S.A. by 


Gaertner 


| SCIENTIFIC CORPORATION 


1257 Wrightwood Ave., Chicago 14, Ill. 
BUckingham 1-5335 
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New 
Current 





Integrator 


/ 


EXvorapo'’s Model CI-110 Cur- 
rent Integrator measures the instan- 
taneous value of an input current 
(or voltage) and simultaneously in- 
tegrates this input with respect to 
time. Featuring high accuracy, the 
unit includes a relay to actuate ex- 
ternal controls when a pre-deter- 
mined charge level is reached. Drift 
is negligible. Applications include: 
measuring beam current and total 
charge of a particle accelerator 
beam; to accurately deposit a given 
thickness in electroplating; to make 
precision measurements of magnetic 
flux; to replace chemical coulometry; 
and in other comparable fields. 


KEY SPECIFICATIONS 


CURRENT RANGE 


INTEGRATING 
CAPACITY 


ACCURACY 


3x 10°? to 10°? amperes dc 
Up to 50 coulombs 


+0.2% (current) 
+0.8% (charge) 


Up to 16 hours for rated 
accuracy 


INTEGRATION TIME 


For more details, write for technical bulletin. 


Eldorado 
EGlectronics 


2821 Tenth Street 
Berkeley 10, California 


FIG, 1. 
XRD-5 instruments. 
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X-RAY SPECTROMETER for high-dose film dosimetry is based on commercial 
Total cost was about $10,000. X-rays from tube strike film in modified 


sample holder; secondary X-rays are analyzed by LiF crystal, counted by Nal detector 


X-Ray Spectrometry Extends 


Film-Badge Dosimetry 


By W. V. BAUMGARTNER 


Hanford Laboratories Operation, General Electric Co., Richland, Washington 


The range of film badges can be ex- 
to 2,000 r measuring the 
silver content of developed films with 


tended by 


an X-ray spectrometer. Measurement 
takes but a few minutes and does not 
interfere with normal film-badge proc- 
The 


film is unaffected by the measuring 


essing and optical densitometry. 


process and can be remeasured many 
times. This extension of optical densi- 
tometry techniques is of particular im- 
portance in connection with possible 
accidents involving very large person- 


nel doses. 
The New Method 


The Hanford dosimeter badge uses a 
Du Pont 552 film packet composed of 
one piece of sensitive 502 film and one 
of 510 film. The 
dosimeter are collected and 
currently on a 
monthly However, in the 
event of a potential or real radiation- 


piece insensitive 
badges 
processed routinely, 


schedule. 


exposure incident, the badges are col- 


lected and processed immediately’ 
The density of the silver images devel- 
oped on the film behind various radi- 
ation filters is measured with an opti- 
cal densitometer and assigned a 
radiation dose by making a comparison 
with simultaneously processed calibra- 
The Du Pont 552 
film packet has a normal dose range 
9r 


“0 


tion film standards. 
from mr to 40 r using routine film 
developing and optical densitometry. 
Doses greater than 40 r have optical 
density readings greater than 3 optical 
density units, the limit of the present 
HAPO optical densitometers. 

In the new method silver atoms re- 
maining in the developed 510 film are 
excited by X-rays; the number of char- 
acteristic X-rays emitted from these 
to the 
ground state is directly proportional 


silver atoms as they return 


to the silver content. The silver con- 
tent can be correlated with the radi- 
the 
larger the quantity of silver remaining 
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ation dose the film has received 





AMF REACTORS in 
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ICES 


across tne 


“Biz AMF i sectik’’ 
“edu AMF ERKE, 
‘Wij geven de voorkeur aan AMF”’ 
o} -D KR TING 
“Nos escolhemos AMF"’ 
2S Si lel am Oe 
“Wir haben AMF gewahit”’ 
E EeAihe ptr car A.M.F. 
‘“‘Hemos escogido AMF”’ 
¥ ah. ee 

pe oe | * 
“‘Abbiamo scelto AMF"’ 
“We chose AMF” 


This decision has been made 21 
times and in 12 languages by rep- 
resentatives of universities, atomic 
energy commissions and research 
institutes charged with the selection 
of the best research or training re- 
actor for their needs. While the 
claim of leadership based on quan- 
tity of output is often a hollow boast, 
in reactor technology and construc- 
tionithas extraordinary significance. 


Each new reactor or modification 
has explored unknown areas of per- 
formance and manufacture. Experi- 
ence gained in shrinking these areas 
literally cannot be duplicated. To 
your needs AMF brings unique 
knowledge covering design, develop- 
ment, fabrication, engineering-con- 
struction and start-up of pool, heavy 
and light-water tank, and special 
purpose reactors. 

AMP’s record starts with the Bat- 
telle Memorial Institute’s pool-type 
reactor, in operation since 1956, the 
pioneering effort in research reactor 
standardization. The roster of AMF 
design and fabrication innovations, 
all of them developed to meet special 
customer needs, is unmatched. 


AMF Atomics across the board 


AMF Atomics has utilized AMF’s 
vast mechanical experience in pro- 
duction of a wide range of reactor 
components and auxiliary equipment 
including: 

* Reactor servicing equipment 

¢ Control rod drive assemblies 


¢ Standard and heavy-duty 
manipulators 


AMF ATOMICS 


A Division of 
American Machine & Foundry Company 
261 Madison Avenue, New York 16, N.Y. 


... across the world 


eley-tae 





|INSTRUMENTATION 
AND MEASUREMENTS 


This article starts on page 76 


in the developed dosimetry film, the 
higher the radiation dose. 

We employ for the purpose a General 
Electric XRD-5 X-ray spectrometer 
with line-voltage and current stabilizer 
(see Fig. 1). The X-ray source is a 
Macklett AEG-50S tungstentube. An 
LiF analyzing crystal and two Soller 
slits—0.02 in. and 0.005 in. 
to obtain 
manual goniometer suffices since the 


are used 
maximum resolution. A 
equipment is set up to measure only 
silver K, X-rays. 


BEHIND THE TELEFLEX APPROACH: pa en 
The detector is a 1-mm-thick NaI(TI) 
scintillation crystal with an RCA 6655A 


A NEW TECHNIQUE FOR REMOTE - | 
photomultiplier and cathode follower. 
POSITIONING REMOTE CONTROL! The amplifier-discriminator is 
tf * 


posed of a 5-12-gain single-tube ampli- 


com- 


fier and a reverter (an XRD-5 scaler 


The TELEFLEX principle using unique helical cable gives new freedom in , 
wo 


designing systems for remote operation or control in reactors. You can | 
btai ; itical ae di : . decade stages were added ahead of an 
é é Ss ments, or position radioactive elements ~~ ; 
— — a ee ag 24 ‘ P ; j : RIDL 602 scaler to increase the preset 
with precision and dependability. You can perform mechanical action leount to 10¢ 
in remote locations without costly downtime or personal hazard... at 
minimum cost. Here are a few of the advantages of TELEFLEXx Systems... 


component) as _ discriminator. 


counts for improved 
statistics. 


To reduce the background count the 


Helix wire of cable engages specially 
hobbed wheel to drive cable in tension 
and compression, continuously, over 
long distances. 





Electrical Lead Cable transmits elec- 
trical signals through insulated wires 
stranded in cable core—eliminates exter- 
nal electrical wires. Thermocouples, 
electro-magnets, ion-chambers are 
easily moved and replaced. 


Depth of experience with unusual control applications allows TELEFLEX 
engineers to analyze your control problem with a completely unrestricted 
viewpoint. To see how the ““TeLEFLExX Approach” can help you, send 


today for full information, 


TELEFLEX 


PENNSYLVANIA 


INCORPORATED 


NORTH 


Cable and rigid conduit can be formed 
to meet any physical characteristics of 
reactor design, will fit in or around 
existing structures, 


Actuator can be located away from 
radiation areas permitting use of stan- 
dard commercial components. Systems 
operate in temperature extremes to 
1400°F. Maintenance is practically 
eliminated, only periodic inspection is 
necessary. 


WALES, 


letector was shielded with lead. The 


| standard sample holder was modified to 
| . . ’ 
| hold dosimetry film (see Fig. 2). 
| 


SB Baas. 3 : | . 
oS AY Sa ty Se bs ' riatielahdealant 
| FIG. 2. FILM HOLDER is standard scmple 
|holder modified by addition of tantalum 
| foil to reduce backscatter and Lucite fixture 
| to hold film in path of primary X-rays 


Calibration, Accuracy 


Using this instrumentation, the cali- 
bration shown in Fig. 3 was evolved for 
510 film exposed to radium gamma 
radiation. A_ statistical 
the counts based on six samples for 


analysis of 


|each value indicates that the 95% con- 
fidence limit at 40 r is +4 r and at 
1,000 r is +375 r, —170r. 

During preliminary tests the X-ray 
spectrometry method overevaluated 
radiation doses absorbed by recently 
exposed standard films when compared 
with several-weeks-old standard films. 


The average ranged from 10% at 40 
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000 1500 2000 


ose (1) 


FIG. 3. CALIBRATION curve gives X-ray- 
spectrometer counting rate as a function of 
film-badge exposure. Undeveloped film 
gives 60,000 cpm 


100 r to 60% at 1,000-2,000 r. A brief 
of film fading showed significant 


s between the time of exposure to 
on and actual development of 


osimetry film for radiation doses | 


iterthan 50r. Film fading must be 
ered and an experimentally de- 
curve used when comparing 


ntly exposed dosimetry film with | 


stored calibrated dosimeter film. 

ble damage results to 

yr several minutes to the 

from the spectrometer, 

ilm exposed for periods in 

has been observed to 

lop emulsion flakiness. 

n) counts presently 

it possible to re-evalu- 

1any times before dam- 
ippreciably. 


The emergency program in use at 
HAPO requires that a set of 20—2,000-r 
calibrated film be developed simultane- 
vith the dosimeter film. By 

of the film during the 


ess, it is possible to 
radiation doses to less than 
in 40 r. The dosimetry 
ose less than 40 r is read 
optical densitometer. The 
doses greater than 40 r are 
the X-ray spectrometer. 


Alternatives Explored 


other approaches to extend- | 


} 


i-badge range were investi- 

nd wanting. Involved 

infrared or visible light 

ption, thin-film measuring devices 

1s Dermatron, and removal of the 

ion from one side of the film, fol- 

y the normal optical densitome- 

ch was found to be unusable 

ompatible with the present rou- 
losimeter badge program. 
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WITH THE TELEFLEX APPROACH : 


A NEW TECHNIQUE FOR 
DETERMINING FLUX MEASUREMENTS 
AND FUEL BURN-UP ‘‘IN CORE” 


This TELEFLEX development—called the Activation Wire Drive—permits 
you to position flux wires, thermopiles or ion chambers in a reactor core— 
with high accuracy, over distances up to 100 feet or more. The required 
detecting elements are attached to the end of TELEFLEX Cable and are 
driven through “‘thimbles” into the pressure vessel. The Cables are driven 
at speeds up to two feet per second and are positioned “‘in core’’ within 
+¥% in. Insertions can be made at any time for any desired time interval. 











TELEFLEX Activation Wire Drive (1) drives cable through “thimbles” (2) which penetrate biological 
shielding (3), into reactor core (4). After exposure, detectors are withdrawn to storage area. 


TELEFLEX electrical lead cables provide a continuous signal from ion 
chamber and thermopile without additional wiring. This is just one 
example of the ““TeLeFLEX Approach”’ applied to an existing problem. 
Other completely developed systems include control rod drives, source 
drives, valve controls, special mechanisms. Write for TELEFLEX Nuclear 
Catalog, or send specifications for a detailed recommendation. 


TELEFLEX 


INCORPORATED NORTH WALES, PENNSYLVANIA 
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THIS IS THE WAY WE 


"Qualify for 
Quality" 


BE A PIONEER: Be sure 
TMI methods pace the 
technological advance of the 
metalworking industry. Never 
get caught in a “trying to 

catch up” position when serving 
quality-minded customers. 


CHOOSE EXPERIENCE 
WISELY: In men, equipment 
and methods .. . be highly 
selective. Have the planning 
courage and the long range 
strength to accumulate quality 
experience and reject 
good-enough practices. 


THINK FIRST of our 
customers. As we increase the 
quality of our customers’ 
products, we insure the ability 
of our own trademark to 
grow in its quality stature 


NEVER COMPROMISE 
quality standards nor dare to 
assume that those standards 
are static. Our success in the 
cold drawing of small diameter 
stainless and exotic alloy 
tubing depends on our ability 
to lead in the quality field. 


/wnen YOUR KEY 
PEOPLE RECOMMEND 
TMI TUBING THESE RULES 
FOR QUALITY WORK 
FOR YOU FULL TIME. 
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Ambient Radiation Monitor 


By A. R. JONES 


Atomic Energy of Canada Ltd., Chalk River, Ontario, Canada 


We have developed a battery- 


| operated radiation monitor with G-M 


tube detector that covers a wide range 


|and operates reliably for long periods 


(see Fig. 1). The output 
of the radiation level from 10 yr/hr 
to 10 mr/hr and is sufficient to drive a 
l-ma recorder. 

The 
the intensity 


“block” (i.e. 


reading drop to zero) 


monitor does not 


as high as 
more than four 
full-scale . 


even at intensities 
200 r/hr. This is 
decades above normal 


G-M Probe Design 


The detector is a 
G-M tube of 
with appropriate shielding to flatten 
the energy response. Its pulse output 
makes possible the accurate measure- 


excess 


halogen-filled 
proven reliability (1) 


ment of small doses acquired over long 
periods. (An output to drive a scaler 
is provided for this purpose. ) 

The electronic advantages of using 
a G-M tube as a gamma detector are 
often lost through inadequate atten- 
tion to flattening its energy response. 





RADIATION MONITOR uses G-M 
circuitry. Re- 


FIG. 1. 
tube detector, 
corder is optional 


transistor 


S 






Response to radium 
gommas 
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em . 
Sensitivity (10° counts /roentgen) 





Unshielded counter —— 
Shielded counter 
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Photon Energy (kev) 
FIG. 2. ENERGY RESPONSE of iron- 


walled G-M tube is improved further by use 
of brass and aluminum filters 














To external circuit 





FIG. 3. 


TRANSISTOR CIRCUIT for radiation monitor 
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The counting rate of a Geiger-Mueller | 
tube at a given dose rate (in r hr) | 
generally depends on the energy of the | 
photons. In addition, at the lower} 
energies the output is a function of the | 
direction of the incident photons. | 
Both properties are undesirable and we 
designed our probe to minimize these 
effects. | 

The type HBM counter (/) is | 
machined from a rod of chrome iron, | 


i , | 
leaving a rather substantial wall | 


thickness. This diminishes the peak | an effective material 


in the energy dependence of the tube | 
caused by photoelectric absorption. for neutron shielding 
However, slight additional filtration 

0.015 in. of brass and 1¢ in. of alumi- 


Boral is a uniform dispersion of boron carbide crystals in aluminum. Its 
num—was required to reduce the peak 


se high boron carbide content (up to 50%) enables it to absorb thermal 
to a tolerable level. The energy] peutrons without the production of hard gamma rays. In the form of 
dependence of the tube with and with-| Boral Plate (a core of Boral clad on two sides with commercially pure 
out shielding is illustrated in Fig. 2;| aluminum) it is highly effective as a neutron shielding material. 
with shielding it is uniform to within By following recommended design and fabricating practices, Boral 
+ 20% above 70 kev. Plate can be worked to meet the requirements of a wide range of shielding 

The counter has a thin end window,| applications. It can be drilled, tapped, punched, sawed, sheared, formed, 
and welded. The accompanying sketches show typical designs and as- 
sembly methods. 

Boral Plate is available in thicknesses ‘of 4%" to 34”, and standard 

sheets of 30” x 48”, 15” x 96”, and 15” x 48”. Approximate weight of 14” 
(35% B,C) Boral Plate is 3.4 pounds. FA 


which leads to a greatly enhanced 





sensitivity to low energy photons com- | 
ing from this direction. To achieve a 
uniform angular response at both low 
and high energies, additional shielding 
was provided over the thin end window. | 
The directional response of the counter 


ap pa Shut-down Control Rod for Reactors 
tube was then flat to within +10% for 
radium gamma rays. Assembly of this unit is made by inert 
To eliminate the effect of scattering | gee arc welding. As shown, all edges of 
oral Plate should be clad. The center 


of the gamma rays by the monitor - . 
: bar is tapped to receive the threaded rod. 


itself the probe housing the counter is 





made to project 6 in. from the monitor | ¥ 
case (see Fig. 1). , Storage Cells for Fresh Fuel 


Transistor Circuitry ot galleerN Cells are usually used in assemblies of 

several fuel units, encased in aluminum 
or stainless steel cylinders. The Boral 
shapes should have corner radii of 34"; 
length can be up to 12 feet. Assembly 
changes in load or supply voltage and | is by means of rivets or Huck bolts. 
stabilized by reference to Zener diodes. ’ 


A circuit diagram of the monitor is 
given in Fig. 3. The power supply 
not shown) is regulated against 


The high-voltage supply is similar to | Watercescio’d Seral-lined Case 


one lescribec b G ing Zz). 
ne described by Goulding (2) for Spent Fuel Elements 


Current pulses from the counter tube 


are amplified by the emitter follower This Boral-lined aluminum case with 


egg-crate type separators for the 
transportation and storage of spent 
fuel units, is assembled from Boral 
oo | Plate by are welding; no forming 
rates The emitter follower drives a| operations are involved. 

monostable circuit (transistors Q» and 


Q;) which, when triggered, provides a Typical and Potential Applications 


100-usec 9-v output pulse. Capacitor | 


@,. Amplification is necessary because 
the current pulses from the counter 
tube decrease in size at high counting 


ag Reactor shields, neutron curtains, shutters for thermal 
C; and the resistor R are the timing curtains, safety rods, storage and shipping containers for 
elements. Diode D,; prevents applica- fissionable material, fabricated boxes for radiation-sensitve 
tion of an excessive negative bias to| devices, protective shields for easily activated components. 
the base of the transistor Q; at the | 


all ofl tho auien. Brooks & Perkins, the first commercial producer of Boral, 


a ; invites you to send for technical data and literature. 60-T-4 
lhe resulting negative pulse is used, | - 


after amplification by emitter fol- 
lowers Q, and Q,, to close the transistor i=} tele) .¢— 4 ad 3 4,91) Ee i, Lom 
1926 W. FORT'STREET . DETROIT 16, MICHIGAN 


switch LaF for 100 psec. This relatively 
Offices in Washington and New York 


long time ensures that the large 
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THE 
SINSIDE 
SOR 


True economy begins with reliability 
—all Anton neutron detectors pass 
the “inside” quality test. 


ANTON ELECTRONIC LABORATORIES, INC., 1226 Flushing Avenue, Brooklyn 37, N. Y. 
Send for FREE Neutron Detector Catalog NOW. 


SUBSIDIARY OF ANTON—IMCO ELECTRONICS CORP. 
1226 FLUSHING AVE., BROOKLYN 37, N. Y. 


INSTRUMENTATION 
AND MEASUREMENTS 


This article starts on page 80 


vapacitor C2, in the count-rate circuit, 
is fully charged through the “contact 
resistance” of the switch, which 
comprises the saturation resistance of 
the transistor and the dynamic resist- 
ance of the forward-biased diode D4. 

The count-rate circuit comprises 
three pump circuits in parallel with 
time constants differing by factors of 
10. The circuit gives a logarithmic 
response over three decades. 

The monitor has a 1-ma indicating 
meter as well as a 1-ma Sensitrol relay. 
The Sensitrol relay turns on the indi- 
cator light and drives a Sigma relay to 
close a pair of contacts to switch an 
external alarm circuit. The alarm 
circuit can be set to trip at any level 
between 100 wr/hrand10mr/hr. The 
indicator light draws attention to any 
abnormally high level in the preceding 
measurement. This is of value be- 
cause much time is spent scanning 
recorder charts that contain no features 
of interest. 

The monitor can be operated with or 
without a l-ma recorder. Since it is 
convenient to change the recorder 
chart at weekly intervals the output 
must be stable over these periods. To 
avoid zero drifts the ratemeter circuit 
itself drives the recorder directly, with- 
out », d-c amplifier, which generally 
drifts during the course of one week 
with changing temperatures. 

The monitor is calibrated by varying 
the regulated voltage applied to the 
count-rate circuit, thus changing the 
pulse size applied to the count-rate 
circuit. 

The leakage current from transistor 
Qs (which should be less than 5 ma at 
55° C) is shunted from the count-rate 
circuit by a 100-ohm resistor. The 
voltage developed across the shunt is 
insufficient to bias the silicon diodes 
Dz, D3, D4; thus no zero error should 
be caused by such leakage current. 

The average power consumption is 
about 1 watt at 40 v, which can be 
provided for 1 week by batteries of 
10-amp-hr capacity. 

” * + 


Circuit and performance measurements 
| were made by D. Harvey, B. R. Matasand A. 
Ohno. 
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NEW .. . for high-level alpha-gamma hot cells—for 
handling pyrophoric, highly toxic gaseous or air- 
borne particulate materials—wherever complete 
atmospheric control, prevention of dissemina- 
tion by explosion or other accident is essential . . . 


complete containment is 
provided by central research 
model A sealed manipulators 











Model 8 
Thru-Wall Installations 


Restricted Space Installations Over-Wall Installations 


For further information write: 


Red Wing, 
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Sensitive and reliable, Model A manip- 
ulators are designed for dextrous, posi- 
tive control and complete containment 
with shielded enclosures. 


CONSIDER THESE IMPORTANT 
FEATURES: 


SEALS— Double rotary mechanical 
seals between master and slave mech- 
anisms insure reliability. Space between 
seals may be pressurized to monitor seal 
integrity. One seal is always operative 
even when changing seal tubes. ‘“‘Push- 
thru”’ seal-tube replacement technique 
does not require complete wall port 
opening. Seal-tube features mean that 
all contaminated assemblies remain in- 
side cell for disposal or decontamination 
and need never be brought out to the 
operating face. 


OPERATION —Careful counterbalanc- 
ing, reduction of mass, friction and lost 
motion make forces in the ounce range 
sufficient to initiate all motions. Easily 
handles 20-pound load per arm. Bilateral 
drive and force reflecting design charac- 
teristics give remarkable ‘‘sense of feel,”’ 
reducing training time to a minimum. 
MAINTENANCE —Three standard, in- 
terchangeable subassemblies: master 
arm, slave arm, and seal tube, simplify 
maintenance. A crane and simple fixture 
are sufficient for remote connection or 
removal of slave arm. Alignment pins 
assure positive slave arm positioning. 
All slave-end motions lock at disengage- 
ment for easy relocation. 


CENTRAL RESEARCH... 
MANIPULATORS FOR EVERY NEED 


Model B 
Canal Manipulator 





Model 4 








laboratories, inc. 


Minnesota, Dept. 110 
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Physicists Review Status of Digital Computation 


Two half-day sessions of the June 
meeting of the American Nuclear So- 
ciety covered the status of reactor 
physics calculations with digital com- 
puters. The sessions revealed that re- 
actor physicists, always among the best 
customers for digital machines, now 
have a larger line of big machines to 
choose from; the reactor physics codes 
are growing in size as fast as the com- 
puters. Both of these facts make the 
need for a universal coding language 
even more imperative. 


New Machines 


One takes it for granted that each 
year a new computer mode! will appear 
on the market to dwarf the present top 
contender by significant factors in 
memory size and speed. But this year 
a new element has entered the picture 

—instead of just the two familiar ven- 
dors in the field (IBM and Remington 
Rand), there are now at least six com- 
panies * offering “ big league ’’ machines. 
All use transistorized magnetic-core 


storage for the fast memory units. 


While fast-memory speed keeps in- 
creasing (2 usee access for the IBM 
7090), the size of the fast units has 
leveled off at about 32 K (32,000 
words). The trend among the new 
machines is to effectively increase the 
fast memory capacity by allowing for 
the fast 
memory from tapes and drums at the 


transfer of information to 
same time the memory is engaged in 
computation. Numbers permanently 
stored in the slower units can be shifted 
into the fast unit shortly before they 
are needed in the calculations and 
shifted out shortly thereafter. This 
transient storage allows the calcula- 
tions to proceed uninterrupted at the 
fast memory speed and hence increases 
the effective size of the fast storage by 
a large factor. 

The trend among companies with 

* In the same class as IBM's latest scien- 
tific computer model, the IBM 7090, are 
Phileo’s TRANSAC 2000, the Honey- 
well 800, the RCA 501, Computer De- 
velopment’s CDC 1604 and the Bendix 
G20. Coming up in the very large category 
are Remington Rand’s LARC and the 
IBM STRETCH 


New Fuel Element Advances Direct Conversion 





a ae a 


Ceramic-to-metal 
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Ta cothode 
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| thermoelectric 
elements 


Ni anode 
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COMBINATION THERMIONIC-THERMOELECTRIC NUCLEAR FUEL ELEMENT generated 
about 1.2 watt of d-c electrical power from fission in its 3.7 %-enriched UO» fuel when 


placed in Westinghouse Testing Reactor. 


This first test device generated 0.6 amp at 


1.0 volt in both thermionic and thermoelectric stages in demonstrating feasibility of “dual” 
generator (earlier nuclear devices irradiated had been either thermoelectric or plasma- 


thermocouple thermionic). 


Developed by Westinghouse under a program of AEC’s 


Civilian Reactors Branch, tests on this converter will continue when WTR operates again 


(NU, July ‘60, p. 28). 


Future models will have different dimensions and materials (UC for 


UO>, Nb or W for Ta, germanium telluride for lead telluride, etc.) in effort to cut cost and 


weight and raise power and efficiency to 35-40% believed attainable. 


In application 


such as satellite power supply, reactor with dual-converter fuel elements would take advan- 


tage of 3,500-2,700° F heat from U to generate electricity thermionically near center 
of element, thermoelectrically at 1,800—600° F in outer region. 


outer can at about 600° F could heat steam or gas to turn conventional turbine 
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In larger power station, 


scientific computing needs is to pur- 
chase one of the large scientific data 
processors to do all of the firm’s digital 
this 


chores 


processing ; might include less 


romantic such as engineering 
performance studies, payroll and per- 
sonnel data processing, inventory con- 


trol and even information retrieval. 


New Codes 


Despite the rapid advance in com- 
puter size, nuclear codes have managed 
to match the pace; by the time a new 
machine hits the market reactor physi- 
cists are already well along the road to 
programming codes for it that will re- 
quire all the memory space and com- 
puting speed the machine can offer. 
The most ambitious undertakings at 
the moment are the codes being devel- 
oped to calculate reactivity changes 
As in the past this is 
done by carrying out diffusion theory 


over core life. 


criticality calculations at discrete time 
steps over the lifetime. Up until now 
the calculations have typically been 
done in pieces by an assortment of 
specialized codes and data handling 
procedures. The new burnup codes 

FLAME, FUELCYC, TURBO, 
KARE, SCORCH are 
will perform this whole chore 
automatically and usually with much 
greater refinement for a larger variety 


some of their 


hames 


of conditions than the older routines. 
The KARE program being developed 
by KAPL for the TRANSAC 2000 is 
representative. In actuality it is a sys- 
tem of programs, many of which had 
been used previously on other machines 
to do separate parts of the job, such as 
calculate energy group cross sections, 
criticality or fuel and poison depletion. 
The KARE program will, in addition, 
do these tasks: determine for each time 
step the distribution of neutron flux 
and fission rate in two dimensions and 
specify the control rod positions for 
criticality under predetermined xenon 
conditions. The program can handle 
511 different material regions and takes 
50 time steps for a life study. 


Universal Language 


The new variety of big machines and 
the continued trend to bigger codes are 
placing emphasis on the problem of 
machines. 


communication between 


Suppose you are a manager of reactor 
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physics whose staff has just spent 
several man-years coding a large reac- 
tor criticality program for the company 
digital computer. The company is 
now trading this machine in for a new, 
larger one, perhaps one from a different 
manufacturer. What do you do with 
your criticality program? 


The answer to such a question is a 


universal coding language that could | 
be interpreted by all makes and models | 


of machines and that all programmers 


would use. Two such languages | 
are now being developed—IBM’s | 
FORTRAN II (FORmula TRANsla- | 


tion) and the internationally sponsored 
ALGOL-60 (ALGOrithmic Language). 
FORTRAN is already in use on IBM 
machines; Philco will supply FOR- 
TRAN translation programs for its 
TRANSAC 2000 customers and Rem- 
ington Rand is teaching FORTRAN to 
its ultrafast LARC. ALGOL, which 
is not yet at the stage of practical use, 
is an international project that has 
attracted interest in European coun- 
tries, the U. S. and the USSR. 


In essence, each of the languages is a 
| 


system of symbolic shorthand in which 
the programmer formulates the logical 
solution to his problem. Each com- 
puter is supplied with a program that 
enables it to translate the universal 
symbolism into its own particular 
‘‘machine language”’ and generate its 
own “‘absolute”’ program; this is then 
stored permanently on tape and used 
to perform the actual computations. 
In principle, this “automatic coding ”’ 
of programs written in universal lan- 


guage is perfectly feasible. In prac- 


tice, conflicts arise. Because the trans- 
lation program must be written to 


handle the general situation, the result- | 


ing ‘automatically programmed’”’ pro- 
gram is rarely as efficient in use of 
machine capacity as a program coded 
for the same problem by a professional 
directly in machine language. Hence 
when writing codes in universal lan- 
guage, prograrnmers are tempted to 
modify the language somewhat for their 


own computer. The result is that | 


computing machines around the coun- 
try, depending on their place of birth, 
have a tendency to speak FORTRAN 
with a strong IBM accent or a strong 
TRANSAC accent, etc. Whether or 


not the international language of com- 


puting machines will meet with more 
success than its human equivalent 
will depend on whether programming 
groups find there is more gain in keep- 


ing the machines to themselves or let- | 


ting them talk to each other. 
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PW-600 Packaged Pumping System 
with 3-Position Valve Flange 


With a KINNEY PW-600 Pumping System, you can attain pres- 
sures of 5 x 10° mm Hg, without coolant in the Cold Trap... 
5 x 10’ mm Hg with coolant in the Trap. You can evacuate 
tanks, bell jars, furnaces, tubes, space chambers and many 
other types of laboratory equipment. You can move the PW- 
600 from one area to another. And you'll find operating and 
maintenance costs surprisingly low. 
The KINNEY PW-600 is designed to incorporate maximum ver- 
satility, simplicity of operation and greater convenience for 
the operator. Here is compacted a thoroughly dependable unit 
.. rugged, handsome, practical and featuring advanced en- 
gineering for modern research in High Vacuum. 


KINNEY vacuum vivision 
THE NEW YORK AIR BRAKE paeneey i) 


3614H WASHINGTON STREET - BOSTON 30 - MASS. 


Please send me copy of Bulletin 4000.1 fully describing KINNEY 
PW Series Packaged Pumping Systems. 





Get all the Name 
facts — write Company___ 











for Bulletin ae: 


No. 4000.1 ; 
City 








Automatic Data Reduction for Critical Assemblies 


By T. M. MILLER,* T. J. KIKTA, S. H. LEVINEt and W. F. VOGELSANG 


Bettis Plant, Westinghouse Electric Corp., Pittsburgh, Pennsylvania 


We have developed a system of on- 
line data reduction to handle the data 
from. a critical facility. The system 
consists of a digital scanner, which re- 
ceives pulses from fission counters 
installed in the critical assembly, and 
a translator, which puts the signals 
from the scanner into a form acceptable 
to a small digital computer (from the 
scanner LGP 30). The computer then 
processes the data. The system has 
proved successful in operation over 
approximately one year and has re- 
sulted in a savings in manpower as well 
as time. 

A primary task of the computer is 
the processing of period measurements, 
which are the most frequent type of 
measurement made with a critical as- 
sembly. An adjustment of one of the 
parameters (e.g., the temperature, con- 
trol rods or water height) makes the 
reactor slightly supercritical and causes 
the neutron flux density to increase 
with time according to the relation e“’’, 
where ¢ is the time (count cycle) and 
7 is the period. The reactivity p of 
the system, the basic parameter de- 
sired, is then related to rt by the inhour 
formula. Thus, two routine steps in 
data processing relate the reactivity to 
the original data; both steps can be 
performed automatically by the com- 
puter. Various other parameters as- 
sociated with measurements from a 
critical assembly also permit routine 
data processing; e.g., axial flux tra- 
verses taken with a miniature fission 
counter can be analyzed to determine 
the negative core bucklings; the tem- 
perature of the moderator can be com- 
puted from the measured resistance of 
a platinum resistance thermometer; the 
temperature coefficient of the assembly 
can be found from a series of reactivity 
measurements at different 
tures; etc. 


tempera- 


Data Processing System 


A diagram of the data collection and 
reduction system is shown in Fig. 1. 


* PRESENT ADDRESS: Royal McBee Corp., 
Pittsburgh, Pa. 

+ PRESENT ADDRESS: General 
Corp., San Diego, California. 
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FIG. 1. 
ing system. 


Figure 2 shows relative size and posi- 
the The 
puter, an LGP-30, is a relatively small 
general-purpose, stored-program com- 
puter that 
drum with 4,096 memory units. 


tion of components. com- 


has a rotating magnetic 
To 
feed the data from the scanner into the 
LGP-30, we designed a special trans- 
lator to 
formation 


scanner-counter in- 
a form that could be 
the computer. The 
translator punches the converted in- 
formation onto paper tape for direct 
input into the Flexowriter.* The trans- 
lator first converts the 1-2-2-4 scanner 


convert 
into 
understood by 


*The Flexowriter is an electric type- 
writer that can punch information onto a 
paper tape, or read and type information 
from a paper tape used for input and out- 
put for the computer. 


Block diagram of data reduction system. 


Dashed line indicates standard record- 


Translator puts scanner signals into form acceptable to computer 


the 1-2-4-8 Flexowriter 
and then feeds the resulting 


matrix into 
matrix 
voltage impulses to the punch mag- 
nets of a high-speed paper-tape punch. 

As each channel completes punching, 
the print command resets the scan- 
ner-counter to zero, switches the code 
converter to the next data channel, and 
punches the end of the word signal 
which separates each count for the com- 
puter. This sequence, which requires 
about 0.75 sec per count, is followed 
through all selected operating channels. 
Control switches on the code converter 
allow selection of any four channels 
with the option of canceling any chan- 
nel should its operation prove faulty. 
Although there is no theoretical limit 
on the number of channels which may 


be used, four have been chosen for con- 
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venience. By placing a time limit on 
the readout cycle, defects in the system 
can be noted and corrected, preventing 
loss of data. Because data production 
does not continually keep pace with 
the other features 
have been incorporated in the system. 
The first is simply an extra tape runout 
after each group of data is punched; 
this allows all numbers from the punch 
unit to get through the tape reader. 


calculations, two 


The second feature automatically cuts 
off the Flexowriter input when the com- 
puter is prepared to accept data but 
none are This is achieved 
by a spring-loaded switch positioned 


availa I le. 


between the punch unit and the Flexo- 
writer reader and activated by the slack 
in the tape (Fig. 3). Data enters the 
computer from the Flexowriter either 
through the keyboard or through the 
punched paper tape. Before the com- 
puter calls for the first group of punched 
or running data it must 
given a set of instructions and initial 
conditions for the type measurement to 


have been 


be made. The following are the pro- 
grams presently used for data reduction 
together with the number of tracks* 
necessary to store each program: 
Period Measurements (20.5 tracks). 
Once the static data (time, count cycle, 
control rod heights, water height, and 


* A track is a particular set of 64 con- 
secutive memory locations of sectors. 
There are 64 tracks making a total of 4,096 
for storing programs or data each 
identified by a track 


loc ations 
of which is uniquely 


and sector number 


FIG. 2. 
small general-purpose computer, is at /eft 
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Physical components of data reduction system; LGP-30, a 


temperatures) have been entered by 
the operator, the machine calculates 
the period 7 from the ratio of groups of 
counts taken at successive time inter- 
vals in as many as four different chan- 
nels. The program then uses this in- 
formation to calculate the reactivity 
and its statistical error. A detailed 
description of the program is given in 
the Appendix. 

Temperature Conversion (2 tracks). 
The temperature of the core moderator 
is measured using platinum resistance 
thermometers in several positions 
around the core. The resistance of 
each thermometer is entered into the 
computer and the individual tempera- 
tures in ° C computed by an iterative 
process known as the Calander formula, 


100(R, — Re) ; t t 
i + 100 100 


— D 

(1) 

where Rio, Ro, and 6 are constants for 
a given thermometer. 

Statistical Purity Check (10 tracks). 
This important supplementary pro- 
gram performs a statistical check on 
counting equipment to detect malfunc- 
tions before they cause serious errors in 
the data. The counters to be checked 
are set to count a source for a prese- 
lected length of time. These counts, 
punched automatically on paper tape, 
are fed directly into the computer 
which performs a statistical analysis 
according to a method developed by 
K. Relf (1). 

The program calculates the average 


FIG. 3. Computer input unit. 


count 2» for each channel and the theo- 
retical standard deviation o, = (tm), 
and then determines the number of 
counts in the intervals outside 30,, 
above 2c, and below —20,, which it 
prints out as a visual check on the num- 
ber falling in each range. The pro- 
gram computes the actual standard 
deviation from 


_N 
[5 ca sar) 


i=1 
Ca =" ery 


- (2) 
N-1 ; 
and then the instrument error which is 
defined as 


Cin = (a0? — o/*)”* (3) 
The % error in the instrument is 


1000 ins 
Eins = (4) 
Im 

F is calculated to test for a significant 
difference between o, and o;, and x? is 
computed to check the normality of the 
distribution of the counts. In addi- 
tion, the program prints a histogram as 
a visual check of the scatter of the 
counts. 

The computer program takes a total of 
30 minutes for 100 counts from each of 
the 4 counters. The hand-calculated 
process takes at hour to 
analyze 50 counts from only one counter. 

Least-Squares Linear Fit (3 tracks). 
A large portion of the data reduction 
involves fitting a relatively small num- 
ber of points to a straight line by the 
method of least squares. A program to 


least one 


Translator feeds data to tape 


puncher (left) and tape reader (right) feeds it into computer 
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New world-wide headquarters of Atomics International 


Scientists and Engineers 


Atomics International, a Division of North American Aviation, Inc., and a world leader in the 
peaceful applications of atomic energy, is now at home in its new international headquarters in 
the suburban San Fernando Valley of Southern California. This modern facility with its numer- 
ous laboratories for research and development is supported by AI’s field laboratory in the Santa 
Susana Mountains, one of the finest experimental and test facilities in the industry. A wide 
variety of challenging new development projects now underway has opened outstanding oppor- 
tunities for qualified scientists and engineers. 


Fuel and Materials Development 


Senior Metallurgist, Physical Chemists, Engineers 


Reactor Materials: Research involves investigation 
and analysis of mechanical and physical properties 
of metallic alloys and inter-metallic compounds. 
Materials are to be used in power reactors for fuel, 
and fuel cladding, moderators, control rods, and 
structural members. Studies will include analysis 
of materials after exposure to high temperatures 
and radiation fields. 


Fuel Element Engineering: Responsible for the 
complete analysis and design of fuel elements. This 
includes nuclear, thermal, material, mechanical and 
cost analyses. Should be familiar with fuel life de- 
termination methods and reprocessing techniques. 


Fuel Fabrication: Activities will include develop- 
ment fabrication of materials and fuel elements, 


For specific details write: Mr. 


ie 


H. 


for both plate and rod forms and complex assem- 
blies. A knowledge of non-destructive testing meth- 
ods is essential, in addition to familiarity with a 
wide range of material processing and fabrication 
techniques. 


Irradiation Experimentation and Hot Lab Eval- 
uation: Senior Research Engineers and Physicists 
are required to design and conduct irradiation 
experiments on developmental materials including 
reactor fuels. The individuals must be familiar with 
a wide range of radiation and temperature condi- 
tions. Experimental conditions will include the sim- 
ulation of conditions expected in full scale power 
reactors. Also senior personnel are needed to develop 
equipment and techniques required for the post-irra- 
diation testing and evaluation of these experiments. 


Newton, Personnel Office, 


Atomics International, 8900 DeSoto Avenue, Canoga Park, Calif. 


ATOMICS INTERNATIONAL 


A DIVISION OF NORTH AMERICAN AVIATION, INC. 
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RESEARCH 
OPPORTUNITIES 
Solid State Chemists or Chem- 
ical Physicists: For basic re- 
search on nonstoichiometric 
and defect compounds. Inter- 
est or experience in one or 
more of the following tech- 
niques desirable: 
High Temperature X-ray 
Investigations 
Single Crystal Growth 
Diffusion Studies 
Electrical and Magnetic 
Measurements 
Determination of Phase 
Diagrams 
Theoretical Studies of Solids 
— statistical and quantum me- 
chanics, lattice dynamics. 
Theoretical Solid State Physi- 
cists: PhD required for re- 
search in the _ theoretical 
interpretation of lattice dy- 
namics and the theory of 
energy transfer between sol- 
ids and incident radiation. 
Also to work on the electronic 
band structure of metals and 
alloys, and the _ electronic 
structure of insulators. 
Experimental Solid State Phys- 
icists: For research in follow- 
ing areas: 
High Temperature Thermal 
Properties 
Surface Physics and 
Chemistry 
High Temperature Electrical 
and Thermal Properties 
Optical Absorption 
Sintering and Diffusion 
Radiation Chemist: Senior 
physical or physical-organic 
chemist capable of taking 
problem all the way from 
conception to publication for 
fundamental publishable re- 
search. Experience in the fol- 
lowing areas desirable: 
Vacuum Line Techniques 
Kinetics 
Free Radical Chemistry 
Photochemistry 
Organic Reaction Mechanisms 
Theoretical Physicists: To im- 
prove methods of analyzing 
fast and epithermal reactors, 
to plan and analyze critical 
experiments and to relate cur- 
rent developments in nuclear 
physics to reactor physics. 
Mathematicians: To work in 
numerical and mathematical 
analysis including boundary 
value problems for ordinary 
and partial differential equa- 
tions, moving boundary value 
problems, and the application 
of Monte Carlo methods, re- 
laxation methods, and noise 
analysis. 


For specific details write: 
Mr. C. H. Newton, Personnel 
Office, Atomics International, 
8900 DeSoto Avenue, 
Canoga Park, California. 


_ 
ATOomIcs ae 
INTERNATIONAL 


A DIVISION OF NORTH AMERICAN AVIATION, INC. 
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solve this problem has been written for 
‘up to 128 points. In addition to the 
slope and intercept, there are several 
additional outputs available for obtain- 
ing the minors of the determinants and 
or the expected error or reliability of the 
intercept and slope, etc. This has be- 
come one of the most frequently used 
supplementary programs. 

Exponential Fit (3 tracks). This 

|program determines the exponential 
flux fall off or associated negative buck- 
| ling of the subcritical region of a reactor 
A miniature fission counter is moved in 
discrete steps of constant size through 
the subcritical region. At each point 
the count for a constant time interval is 
punched on tape and fed into the com- 
| puter which calculates the natural log of 
the count. A least-squares fit to the 
straight line plot of the log of the count 
| vs. the position of the fission counter is 
computed; the square root of the slope 
of this line is the absolute value of the 
negative buckling. The computer takes 
less than 5 minutes for this program. 
| The routine may also be used to compute 
the natural log of a number or the decay 
constant of a radioactive substance or as 
an alternative method for determining 
the period. 

Temperature Coefficient (4 tracks). 
Theoretical calculations the 
control rods are at a fixed height 
throughout the measurements; how- 
ever, the temperature ranges covered 
(20° C to 90° C) necessitate adjusting 
the control rod heights to maintain the 

on a reasonable period. At 


assume 


reactor 
the completion of the experiment, all 
measurements are normalized to a single 
rod bank height. This normalization 
plus a correction for the extraneous 
expansion give a corrected reactivity. 
The corrected reactivity is then fitted 
by least squares (2) to a polynomial 
function of temperature or a straight 
line function of water density (since, for 
assemblies with relatively large negative 
temperature coefficients, reactivity var- 
ies linearly with density within experi- 
mental error). 

At the end of a day’s operation, the 
|computer selects from the static data 
' entered at the beginning of each pass the 
constants necessary for the temperature 
coefficient calculations. First, a re- 
activity correction is made for the 
expansion of the supporting struc- 
ture (3). A linear transducer measures 
the relative expansion of the system at 
each point and then calculates the rate 
|of expansion h, with respect to tem- 


This article starts on page 86 


perature 7’, i.e., dhz/d7T. The product 
of the rod bank worth, dp/dh, the 
expansion factor and the relative tem- 
perature change, 7’, — T; = AT,, where 
T. is the initial temperature, yields 
Ap; = 0p/dh X dh,/OT AT;. The fol- 
lowing data are then tallied: reactivity 
(corrected for bank changes), tempera- 
ture, transducer reading, water density 
D, the reactivity correction due to the 
vertical expansion of the system Ap, 
and the “corrected” reactivity p — Ap 
=p’. A least-squares fit of p’ (with all 
corrections) versus water density is 
solved for Ap’/AD. The temperature 
coefficient at each temperature desired 
(Tm) is then computed from the relation 


Ap’ Ap’ (3) 5) 
a ae et be 0 
AT/1, AD\AT/r,, 


The same calculation is done for the 
uncorrected reactivity. 

This program can be completed in 5 
minutes where the hand calcuiation 
requires 2 to 4 hours. 

All of these programs, with the excep- 
tion of the statistical purity check, are 
permanently stored in the computer. 
The statistical purity program must be 
entered each time it is to be used (10 
minutes) and the regular program must 
be replaced afterward (8 minutes). 
With a photo-reader,* which has been 
added to the system, the program input 
time is diminished by a factor of 10. 


Cost 


The monthly rental of the computer 
and Flexowriter is $1,280 which in- 
cludes maintenance and service. In 
addition, there was the basic cost of 
the design, development, and construc- 
tion of the automatic punching system. 
This is divided as follows: 


$600.00 
$200.00 


High speed punch 

Relays, power supply, 
etc. 

Design effort 

Construction effort 

Modification to exist- 
ing system 


40 man hours 
160 man hours 
120 man hours 


Advantages 


@ The speed of the computer permits a 
more complete analysis of data. The 
original hand calculations were time 
consuming and, therefore, only the 
average period and reactivity were cal- 


* A photo-electric device for reading the 
paper tape at about 10 times the speed of 
the Flexowriter. 
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International Office 13 E. 40th St., New York 16, N. Y. 
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FOR AIR, WATER, GAS 


Units or systems to 
solve practically any 
monitoring problem. 
Model AM-33R is the 
first air monitor to solve 
the natural radon prog- 
eny problem by provid- 
ing direct identification 
of long half-life emitters. 


AM-33R $6,580.00 
Others from $1,445.00 


YY ALARM SYSTEM 
This maintenance-free 
“Gammaguard” pro- 
vides an alarm for any 
area where fissionable 
materials are stored, 
used or processed. 
Eliminates central 
power supply. Works 
alone or as part of a 
system. GA-2 $595.00 


Proportional 
Counting Systems 


PC-3A 

$1,395.00 

The only instrument that counts every 
alpha and beta emitted in a 2 pi angle 
from prepared samples. Ideal for 
C-14, Ca-45, P-32 and H-3. No window 
absorption. A four pi model also is 
available. 


Y Spectremeter 


GSS-1 $4,180.00 

(Complete System) 

The one system that eliminates “dark 
current” defect. Combines better res- 
olution with greater precision over 
wider range than any other system— 
at any price. Range: 7 kev. to 5 mev. 

All prices are F.0.B. Indianapolis 

PHONE COLLECT (Liberty 6-2415) OR WRITE... 


Nuclear Measurements Corp. 


2460 N. Arlington * Indianapolis 18, Indiana 
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culated for each channel. One advan- 
tage of having the computer calculate 
each individual period is that the rela- 
tive stability of each channel may be 
observed. Further, the average period 
| and reactivity from one set of counts to 
| the next give a good representation of 
the stability of the reactor as well as an 
indication of the reliability of the data. 
@The accuracy of the computer is 


superior in two ways: 


(a) The accuracy of hand calcula- 
tions depends on the accuracy to 
which the log may be determined 
(e.g., a slide rule); at 
best this is three significant fig- 

The com- 

log to 
any 


read on 


ures or about 0.5%. 
the 
means 


puter calculates 
0.00003 %, 
error in the results may be as- 
eribed to either statistics or in- 


which 


strument failure. 

The computer is much less prone 

to a computational error than 

hand calculations. If, however, 
the computer does make an error, 
it is generally sufficiently large to 
be easily detected. 

@ The computer replaces one person in 

the Previously, two 

persons were required to process data 


control room. 
in a less complete manner than is now 
possible. The second man, who now 
operates the computer, is freed from 
| doing routine calculations and can bet- 
ter assist in performing the experiment. 
Although at Bettis three people are re- 
quired in the control room for safe 
| operation, only two people are neces- 
| sary from the standpoint of operational 
functions—one to operate the reactor 
and one to operate the computer and 
The two 


used to 


other associated equipment. 
desk 


compute ratios are also freed for other 


calculators previously 
use. 

@ The computer’s supplementary pro- 
grams permit data period 
measurements to be reduced to its final 
Pre- 


such as 


form shortly after it is recorded. 
viously, when such data was not com- 
pletely analyzed until the following 
day, discrepancies were sometimes dis- 
covered which invalidated the data and 
might require a repeat of the entire 


operation. 


Disadvantages 


| @Writing and trouble shooting the 
codes require a scientist working half 
time. 
@A potentially serious disadvantage 
is indiscriminate programming, that is, 
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programs which (a) require more time 
to prepare than they save, (b) are not 
essential, or (e) duplicate large scale 
central computing facility 
This has not been the case to date as 


services. 


only programs which have a wide use 
in immediate data reduction have been 
written. 

@ An outside serviceman must be called 
in for repairs. However, one is sta- 
tioned in Pittsburgh and can generally 
be at Bettis in one hour. 


Future Plans 


The following refinements in data 
The 


modified so that 


analysis are under development. 
data storage will be 
after the tally sheet is printed: 

@ The temperature coefficient will be 
calculated by the temperature coeffi- 
cient program mentioned previously 
@The bank worth will be calculated 
each time the bank height is changed 
except during partial water-height 
experiments 

@ In a partial water-height experiment, 
a least-squares fit will be made of reac- 
tivity vs. water height to determine the 


dp ne , 
ah and the critical water height 


slope 


he. 

All of these computations will be per- 
formed automatically without requir- 
ing the re-entering of any static data. 
Further, the least-squares fit is being 
modified to use a weighting factor (4) 
for each point. The weight factor of 
the least-squares fit is determined from 
the nature of the problem and must be 
solved by a hand calculation except for 
a few specialized cases. 

The success of the computer has now 
been established well enough to allow 
plans for its simultaneous use with 
another critical facility. Through the 
use of a dual-analysis program and a 
specially designed multiflex translator, 
the computer will be connected in a 
manner that will allow automatic data 
reduction for critical facilities. 
This will be discussed in a future paper. 
With these modifications and the ex- 
is antici- 


two 


tension of two facilities, it 
pated that the two operating personnel 
relieved for other duties and the more 
complete analysis of data will more 
than double the useful output of the 


computer. 
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FURTHER EXAMPLES OF 


BURNDEPT !INSTRUMENTATION 


FAST NEUTRON MONITOR Type 1407c. 


A portable self-contained monitor for the measurement of neutron radiation. The design is based on the 
U.K.A.E.A. recommendation for measuring the biological hazard due to neutrons in the energy range 0.15 
to 15 MeV. Battery operated. Detector: Proton Recoil proportional chamber. 


BURNDEPT BN.110 (AERE Cat. No. 3-7/15544) 
General Purpose Ratemeter Mk. II. Associated Probes: Alpha—BN.111. Beta/Gamma—BN.108. 


Brief Specification: Designed primarily for 
measuring the radiation from contamina- 

ted surfaces. 

Two probes are used for the detection of "| 
radiation. A Large Area Alpha Probe 

BN. II! operating on the scintillation 
counter principle. 

A Beta/Gamma Probe BN. 108 using a thin 
walled Geiger tube. Ranges of 0-5, 0-50, 
0-500 and 0-5000 counts/sec. 


BURNDEPT BN.120 
Universal Scintillation Counter 


A truly adaptable instrument which allows for 
several types of Collimaters, different grades and 
types of Crystals, thus making it a multi-purpose 
Scintillation Counter. 

A Cathode Follower and Head Amplifier (BN 
106) are available, designed to be truly com- 
patible, comprising: ‘ 
Lead Skirt BN 125, Wide Angle Collimator BN 122, Narrow Angle Collimator Attachment BN | 24, Slotted 
Collimator BN/| 26, Adjustable Clamp BN/ 21, Adjustable Ciamp BN | 23, Cathode Follower Unit BN! 27, Connectors 


Developed by Enquiries to: CONTRACT SALES DEPT 


Burndept Ltd wl BURNDEPT LIMITED 


for the 
ERITH, KENT. Telephone: ERITH 33080 








DID YOU START MANUFACTURE OF 
NUCLEAR PRODUCTS TOO LATE 
TO BE LISTED IN LAST YEAR'S 
NUCLEONICS BUYERS’ GUIDE? 


Then write today for a questionnaire to make cer- 
tain that your firm's nuclear products, materials, 
services will be included in the November, 1960 
issue. Send us the name of the expert who can 
properly categorize products with nuclear appli- 
cations, his title and address. Questionnaires 
will be mailed in the near future. They must be 
filled in and returned according to instructions by 


September | st to get free listings. 


NUCLEONICS 


A McGraw-Hill Publication 
330 West 42nd St., New York 36, N.Y. 
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NEW PROFESSIONAL GROWTH OPPORTUNITIES for 
PHYSICISTS, SCIENTISTS, 
ENGINEERS, (metallurgical, Chem., Mech.) 


THE SEEBECK EFFECT — Utilizing the Seebeck Effect in a 
reactor environment, for direct conversion of heat to electrical 
energy, is one of the many research problems under intensive 
investigation at the Atomic Power Department of Westinghouse 
where scientists and engineers are seeking new and improved 
ways of developing economically competitive atomic power 


plants. 


Scientist-Engineer—To analyze 
transient conditions in nuclear reactor 
systems; development of equations 
describing the nuclear thermal and 
hydraulic conditions within system 
components. Should have several years 
experience with analog and/or digital 
computational techniques. B.S. or M.S. 
in Engineering, Physics or Mathematics. 


Scientist-Engineers—To design, 
fabricate and test experimental equip- 
ment for irradiation testing of materi- 
als. B.S., M.E., and experience applica- 
ble to position. 





Scientist-Engineers —To work on ir- 
radiation damage studies of thermo- 
electric materials and instrumentation 
for measurement of thermoelectric 
parameters at high temperatures. 
Graduate degree in physics or metal- 
lurgy. 


Scientist-Engineers—Nuclear sys- 
tems design studies and calculations 
background required to establish pri- 
mary coolant systems design and pa- 
rameters i.e., temperature, pressures 
and flow rates. B.S., M.E. and 5 years 
experience in power plant design and 
cycle analysis. 


If you can visualize your professional growth in an atmosphere of scientific 
investigation, write to: Mr. C. S. Southard, Westinghouse Atomic Power 
Division, PO. Box 355, Dept. X-18, Pittsburgh 30, Pa. 


Westinghouse 


ATOMIC POWER DIVISION 
FIRST IN ATOMIC POWER 


This article starts on page 86 
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mal expansion corrections to temperature 
coefficient data, WAPD-A1W-P(CE-2)-8 

. 8S. H. Levine, 8. Milani, B. H. Noordhoff, 
J. J. Taylor and W. F. Vogelsang. Tempera- 
ture coefficient measurements of-light-water 
moderated heterogeneous critical assemblies, 
Second Internat. Conf. Peaceful Uses of Atomic 
Energy, vol. 12, p 483 


APPENDIX—Period Program 


Upon receiving period-data input instruc- 

tion, the first group of counts on the tape is 
read through the Flexowriter into sequential 
memory units of the computer. After the 
scanners print out the second group of 
| data, the counts are again automatically 
read into the computer to begin the calcu- 
lation. For positive period measurements, 
the computer checks the second group of 
counts to verify that 


(a) The channel has not previously failed 
(c) OF (d) 

(b) The previous count is greater than 
5,000 (for statistical reasons) 

) The count rate is less than 10,000/see 

(to prevent scalar loss) 
The count is greater than the pre- 
vious one (the most common instru- 


ment failure) 


The last test is omitted for negative 
periods. If all tests are passed, the ratio 
lof these counts for each channel is taken 
according to the relation, 
c 
= R (1) 
c 


where i refers to the channel (1, 2, 3 or 4) 
and j refers to the group number (1, 2, 
3,..., n). The natural log of R;* is de- 
termined by a fitted 7th-power polynomial 
with a maximum error of 3 X 10°°. 
Dividing this into t gives the period 


T;' by the equation 


; 
rg 


in R 


The periods from the four channels are 
then printed under the appropriate counts 
to form a row and the result of averaging 
this row of periods rjavg is printed at the 
end of the row. The next step calculates 
the reactivity for each channel using the 


inhour formula, 


6 
p;' = y = (see table below) (3) 
fet be + 7;' 
e=0 
and a row-averaged reactivity Pjavg 18 
computed. When this is completed, the 
computer waits for the scanners to print 
again. The whole process is repeated in 
exactly the same manner for the third, 
fourth, and succeeding counts, with, in 
addition, calculations made for drift in 
Pave from j 1 to j. The drift d is given 
by the relation, 


Dj—1 jave 
sos evave 60 (sec) (4) 


t (sec) 
The total process from the beginning of the 
entry of one set of four numbers to the 


point where the computers call for the 
entry of the next four numbers requires 
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about 32 sec: 5 sec for entering data, 12 sec 
for computing, and 15 sec for printing out. 
After the final group of data of a pass is 
entered, the transfer control button on the 
computer panel is depressed so that when 
the period and reactivity calculations are 
completed the computer completes the 
remainder of the program instead of calling 
for more input data 

At the end of a pass, both period and 
reactivity are averaged for each channel 
and the results printed at the bottom of 
the corresponding column. The average of 
all periods and reactivities are printed 
along with the expected statistical error 
in the reactivity Apavg, the statistical 
error in the reactivity, is determined by 

Op 


Apave = . ATave 
OT 


Op 
~ is determined by differentiating the 
Or 


inhour formula, 


+ 
0p ~ \ ade (6) 


OT ht (b64+7)? 
e=0 


and Arayg, the expected error in the period, 


is taken to be 


k n l 

¥ TY :" (dr 
had Sheed in 
= ] =() 


where 4n is the number of ratios. 

Finally, a least-squares fit of the row- 
averaged reactivities, pjayg vs. time (jt), is 
made to determine the intercept (p.) and 
the slope (Ap/At in minutes) as a check on 
internal drift, and the individual tempera- | 
tures are computed from the input resist- | 





ances along with the average temperature 


} 

‘ 

and its corresponding water density. i 
computer, having completed the first pass, | 
now returns to the point where new static | 


data is to be entered for the next pass. 

For convenience and ease of further 
analysis, at the end of the day's operation, 
a tally sheet is printed giving all results in | 
tabular form: time, count cycle, control 
rod, bank 1, control rod, bank 2, water | 
height, average temperature, water density, 
average period and average reactivity. 
The entire data analysis routine takes about 
20.5 tracks for the program, 22 tracks for 
general subroutines (input, output, In rou- 
tine, et« and 8 tracks for temporary 


storage 





Channel-Reactivity Constants 


x 10* 


0.536 0 
198. 24 78.309 
462.92 31.348 
114.32 8.4674 
90.4444 3.1447 | 
6. 2997 0. 6636 
0.2374 0.1876 | 
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New Cary Model 32 Electrometer 
measures C™ activity of less than 10° 
curies per mg BaC"™Os, H® activity 

to 10°° curies per mg H* 


Saves time, money and hench space: 
© High sensitivity allows use of smaller quantities of 
expensive tagged compounds 


¢ Simplified operating procedures speed analysis 
¢ Compact design requires only one square foot of bench space 


The high sensitivity and stability of the Cary Model 32 make it particu- 
larly valuable in determinations of C14 and H3 in biological and chemical 
samples. The high sensitivity permits use of minimum amounts of 
costly tagged materials which reduces the hazard to living experimental 
subjects. In addition, savings resulting from the use of minimum 
amounts pay for the instrument in a short time. 

Accessories further increase the versatility and convenience of the 
Model 32. These include spherical ionization chambers for gas phase 
samples, slide chambers for solid samples, shielded enclosures, resistors, 
and a pH electrode adapter. 





For descriptive literature 
on the many ways the 

Cary Model 32 can serve you, 
ask for data file K15-80 
Electrometers * UV —Visible— Near IR and Raman Spectrophotometers 


APPLIED PHYSICS CORPORATION + 2724 So. Peck Rd., Monrovia, Calif. 
93 
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lsotopes and Radiation—A New ANS Division Meets 


A new Isotopes and Radiation 
Division of the American Nuclear 
Society got a busy and vigorous start 
at the recent ANS meeting in Chicago. 
Of 3,800 members in the parent society, 
~~500 were then members of the new 
division. Further increase is antici- 
pated from (a) users of radiation and 
radionuclides who formerly have not 
felt wanted in ANS and (b) members 
of ANS who have not yet indicated a 
desire to be in the new division al- 
though it serves their interests. 
organizational 

installation of 


Considerable effort 
preceded formal the 
division. Under leadership of John 
Kuranz, Nuclear-Chicago, ANS mem- 
bers and users of nuclides and radia- 
for their 
By paper 
four 


tion have been canvassed 
interest in an organization. 
ballot ANS members elected 
officers and nine 
executive committee before the meeting 
(see* box). A committee appointed 
for the purpose solicited applied- 
radiation papers for the 
meeting and arranged two of the meet- 
ing sessions. Officers and directors 
of the division met on the afternoon 
before the ANS sessions began. 


More “I” Than “R” 


So far the Isotopes and Radiation 
Division appears to be 
isotopes, weak in radiation. 
ment isotope contractors were well 
represented by IRD Chairman Paul 
Aebersold, who in public life is director 


members of an 


Chicago 


strong in 
Govern- 





TABLE 1—Radioactivities Produced in Beef by 24-Mev Electrons* 


Photo- 
Radia- nuclear 


tion 


Half- 
Nuclide life reaction 
Na?2 7,8" 2.58y 

ps 14d 


Mn* 291d 
Fe55 
Zn® 
Rb* 
jis 7,8 


2.9y 
245d 
33 .0d 
13.3d v> 


(1077 pe/gm)t 


MPC in 
watert 


(1077 pe/ml) 


Induce d 
activity 
Ratio§ 
1.5 X 103 


2.6 4,000 
l 


2,000 830 


0 
300 50 


0.045 6,000 1.3 X 105 


0.0061 10,000 1.6 X 10° 


80,000 
10,000 
300 
200 


0.17 
0.12 
0.52 
0.039 


* Six-inch package sterilized with 5 megarads and assayed immediately after irradiation. 


When they are known, results from irradiation of aqueous solutions are used. 
t Maximum permissible concentrations for drinking water as given in 
§ Maximum permissible concentration divided 


10-* dpm/Ib. 
Bureau of Standards Handbook 69 (1959). 
by induced activity. 


tT uc/gm = 





of the AEC Office of Isotopes Develop- 
and his chief-of-staff Oscar 
Bizzell. Aebersold opened the first 
applied-radiation technical session with 


ment, 


an hour speech on plans and prospects; 
Bizzell 
session. 
Meanwhile 
and 


was chairman of the second 


there were absences of 


engineers researchers who are 
making their own ways with millicuries 
and megarads. In weak minority or 


absent altogether were such groups as 





Paul Aebersold 
Leonard Reiffel 
J. A. D. Cooper 
Ralph L. Ely, Jr. 


Chairman 
Vice chairman 
Secretary 
Treasurer 
Committemen 
(1 year) 
S. Edward Eaton 
R. Hobart Ellis, Jr. 
Donald E. Hull 
(2 years) 
John W. Healy 
Henry J. Gomberg 
Merrill Eisenbud 
(3 years) 
K. H. Sun 
Alexander Somerville 
Ralph T. Overman 





Officers, Executive Committee for 
Isotopes and Radiation Division 


USAEC, Washington 

Armour Research Foundation 
Northwestern University 
Research Triangle Institute 


Arthur D. Little, Inc. 
Nucleonics 
California Research 


Hanford Atomic Power Operation 
University of Michigan 
New York University 


Westinghouse 
General Motors 
Oak Ridge Institute of Nuclear Studies 








accelerator manufacturers, petroleum 


tracers, radiation sterilizers, radio- 
chemists, dosimetry experts and many 
more. All of them are likely future 


members of IRD. 


Technical Sessions 

Papers at well attended IRD ses- 
sions fell among the subjects of gaging, 
tracing, power production, irradiation 
One speaker of- 
the 
question, 


and source design. 
convincing answer to 
familiar half-billion-dollar 
‘‘How does industry gain the benefits 
available from radiation?” 
Farno Green of Motors 
Research Laboratories added an intro- 


fered a 


applied 
General 


response to 
He 
urged making one’s own short-lived 
nuclides and using them immediately. 
If you would like to use radioactivity in 
parts that you make at 10°/day, said 
Green, you run the risk of dangerous 
The alter- 
native is to produce half-lives of 
5-300 sec and let the nuclides decay 
To produce such 


duction to his 
earlier comments at the meeting. 


paper in 


accumulation of activity. 


after they are used. 
nuclides you need neutrons from radio- 
like Po-Be, from 
accelerator or from a_ reactor. 
General Motors the risks 
with a reactor lead the researchers to 
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Van de Graatf* 


NEUTRON SOURCE 


FOR ACTIVATION ANALYSIS 


10"°n/sec from D-T Reaction 


NEUTRON ACTIVATION is becoming of 
increasing importance in quantitative analysis. 
The extreme sensitivity of this method to trace 
amounts, the speed and simplicity with which 
samples can be analyzed, and dependence only 
on simple radiation counting and measuring 
equipment to assure accuracy, makes it suitable 
for microanalysis where chemical methods are 
inadequate or for macroanalysis with produc- 
tion rapidity. 


THE HIGH VOLTAGE MODEL AN-400 
positive-ion accelerator is the lowest-priced 
source of intense neutrons on the market. 
Operated at 400 kev, its full beam current of 
150 microamperes is effective in producing 
neutrons fm a thin tritium target. It is com- 
pact (about 10 square feet of floor area) and 
mobile and is designed for safety, with all 
high voltage fully insulated. Based on the 
proved designs and experience of High Volt- 
age Engineering Corporation in building and 
installing more than 250 particle accelerators. 


IN NUCLEAR ENGINEERING, the Model AN-400 is a useful experi- 
mental apparatus for studies of transient and steady-state effects in 
sub-critical assemblies and for teaching physics and reactor technology. 
May be equipped for pulsed operation or electron outputs if desired. 


NEW BULLETIN AN-4 
—Describes specifications 
and performance in detail. 
Write Technical Sales for 
your copy. 
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use instead small fluxes (104-5 & 10°) 
and sensitive methods of detection. 


Irradiation and Sources 


A paper by Green and W. D. Cheek 
was directed at the question of how to 
irradiate samples with a Po-Be source 
surrounded by a barrel of paraffin. 
The greatest thermal flux is at the 
source itself, but the greatest number 
of thermal neutrons is ~4 in. away. 
The best irradiation, then, depends on 
how free one is to choose sample 
geometry. Another paper by the 


Q Sou rce 
| My 


This article starts on page 94 


same two authors discussed the gamma 
spectrum from Sm18 sources housed in 
various thicknesses of plastic, alumi- 
num and stainless steel. 

Another paper on source design, this 
for irradiation 
discussion by L. Galanter and col- 
Cs!37_ slab The 
paper continues a series of investiga- 
tion of Co, Na*4, In'!® and Cs!%7 
sources by a group at Brookhaven 
National Laboratory. Curves of dose 


one sources, Was @ 


leagues of sources. 


as a function of position show what 
slab 


when 
Detector 
oR 


“/ 
7 


happens specimens of 


/ 





Charge 





FIG. 1. 


radiating diameter with Co®” 


surface 


BLAST-FURNACE GAGE observes height and shape of charge surface by ir- 
and measuring scatter with moving detector 





TABLE 2—-Dating Pair Combinations 


Beta counting 


Age period Timer 

Santas 7 leat 
Pr'43 
Nb* 
Wiss 
Ca’® 
Cel* 
Ru 6 
Pm!* 
Co 


10-45 days 
40-150 days 
70-300 days 
0.3-1.5 years 
0.8-3.0 years 
1.5-5.0 years 
2.5-10 years 
5-20 years 
7-30 years 


30-120 years Cs'87 


*A = Tc” or C4 or Cl**; B = Te” or Cl**; C 


or Al?6; E = U2 or Al?6, 


Standard* 


Gamma counting 


Timer Standard* 
Bal*! D 
Nb? D 
Se #6 D 
Snis D 
Cel*4 D 
Cd 19 D 
Na”? D 

D 

D 


A Cs!3 E 


= C¥ or Cl**; D = Cs!37 or U2 





irradiated by slab 
No attempt 
was made to answer such questions as, 
How What is 
the Which 
nuclide is best? 

For food processers R. A. Glass, 
H. D. Smith and W. H. Newkirk of 
Stanford Research Institute presented 
their search for 
radioactivities in irradiated foods. 
With 24-Mev electrons one can induce 
activities close to minimum levels of 
With Co®® the 
levels produced by a 5-megarad ex- 


various sizes are 


sources of various sizes. 
does it cost? 
efficient 


much 


most design? 


current results of 


detection. photons 
posure are significantly smaller than 
maximum permissible concentrations 
allowed in drinking water by NBS 
Handbook 69. SRI has been studying 
levels of induced (a) 
food 
elements, (b) measurements in foods, 
(d) 
A list of impor- 
tant long-lived radioactivities produced 


activity by 
measurements in concentrated 
(c) empirical computations and 
computer analysis. 


in beef by 24-Mev electrons is shown 
in Table 1 on page 94. 
Gaging, Analysis 

Among several papers on radioactive 
gaging and analysis was a new way to 
observe the surface of the charge in a 
blast furnace. Usual gages give a 
minimum of information to the opera- 
tor, who would like to know the entire 
The new 
which was described by R. B. Spooner 
of Koppers Co., has a Co® source in 
the ~6 ft above the 
surface detector at another 
point in the wall 90 deg away in 
azimuth and at about the same height 
as the source (Fig. 1). 


surface contour. device, 


furnace wall 


and a 


The source is 
collimated to irradiate a diameter of 
Since the detector 
scans in elevation and azimuth, rela- 


the charge surface. 


tive readings tell the operator the 
surface contour along the irradiated 
diameter. 

Another problem for radiation analy- 
sis is measuring uranium, boron and 
aluminum content of reactor fuel 
elements. At Westinghouse R. V. 
Babcock and S. L. Ruby measure (a) 
natural gamma activity for uranium 
content, (b) neutron transmission for 
U2% + B+ Al, and volume (NU, 
July ’60, p. 93) for aluminum. The 
results give uranium content to 0.3% 
accuracy and boron to 4%. With 
neutron activation W. E. Erion, W. E. 
Mott and J. P. Shedlovsky are measur- 
ing selenium in sulfur at Gulf Research. 
If there are too many fast neutrons 
around, the S**(n,p)P*? reaction intro- 
duces an interfering background; other- 
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OBJECTIVE: 


In cooperation with the United States Atomic Energy Com- 
mission, 'NUMEC continues its significant contributions 
towards the utilization of nuclear power for peaceful purposes 
by expanding its research and development into the field of 
plutonium bearing fuel materials. 


Work is already in progress directed toward the preparation of 
plutonium-bearing fuel materials, through fuel-bundle irra- 
diation; and beyond, to the refabrication of irradiated fuel 
elements. Additional phases include preparation of various 
combinations of plutonium with other materials as well as the. cable NUMEC - 
development of commercial cost estimates for the complete , 
fuel cycle. telephone GRover 2.8411 
Already firmly established as a world-wide supplier of high 

purity nuclear fuels and other reactor materials, NUMEC 

now takes the lead in the program for the development of 

plutonium for power reactors. 


nuclear materials and equipment corporation 


apollo, pennsylvania 


The use of plutonium as a reactor fuel material has created new opportunities and openings for scientists and 
engineers in basic research and development. Write today for information. 
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POWER REACTORS 
DESIGN and DEVELOPMENT 


Combustion Engineering's Nuclear Division is expanding its 
activities in the design and development of high performance 
pressurized and boiling water nuclear power reactor systems 
for commercial and military applications. 

Staff positions are now available to qualified nuclear, me- 
chanical, electrical and chemical engineers for work in the 
following areas... 

REACTOR PLANT ENGINEERING—Design, selection and eval- 
uation of power plant equipment and controls; studies of 
power plant cycles and economics; mechanical design and 
structural analysis. 

REACTOR ENGINEERING DESIGN—Thermal, hydraulic, and 
mechanical design of nuclear reactor cores including 
steady-state and dynamic analysis. 

NUCLEAR DESIGN AND ANALYSIS—Design of advanced 7. an Bar Sieg 
reactor concepts and shielding employing high speed digital Paeton Ener (Mev) 
computers; analysis of nuclear fuel cycles. a | 


Counting Rate (relative) 


FIG. 2. TRACER-COAL SPECTRUM has 


gamma peaks from Sc*® and Fe®*® 


wise a simple gamma count completes 
the analysis. Accuracy is ~0.01 ppm. 


., | Tracing 
Particularly interesting applications 
of radiotracers reported at the meeting 
included dating with pairs of radionu- 
clides, studies with neutron-activated 
coal and tritium-exposure labeling of 
gasoline components. T. C. Gregson, 
S. W. Waisbrot and S. D. Gehman of 


Goodyear have made a selection of 


ene 
; sopeer 
TT aan ] 


nuclide pairs for dating industrial 
|products. In principle one inserts 
the pair in a known ratio and uses the 





change in the ratio with nuclide decay 
to measure the age of products that 
are not conveniently dated with surface 
Located nine miles from the center of Hartford, Address inquiries to: llabels or other tagging methods. 
Connecticut, the Nuclear Division is within short N. Killelea, M |Table 2 shows the pairs the authors 
driving distance of some 50 smaller communities. mW Hitioten, Benager Spee 

Boston and New York City are only two and [9 Professional Recruiting | italien uel with nasheed wit 
one-half hours by car over four-lane divided Nuclear Division duces radioactivity mainly in 85-day 
expressways. Excellent housing and schools are 5 Se#® and 45-day Fe® say P. M. Yavorsky 
available and New England’s famous mountain Combustion Engineering, Inc. | . 4 E Gorin of Consolidated Coal Co. 
and seashore areas are readily accessible. Windsor, Connecticut The result (Fig. 2) is a coal tracer with 
energetic gammas that get through 
heavy pipe walls and with short 
enough half-lives that disposal is no 
serious problem. 

Tritium tagging by Wilzbach’s gas- 
exposure method remains always in the 
NUCLEAR DIVISION news (see page 102). At the Chicago 

com BUSTION ANS meeting M. L. Whisman and col- 
ENGINEERING leagues of the Bureau of Mines 
INC. described their work in labeling gaso-~ 
WINDSOR, CONNECTICUT line components to study gum forma- 
tion. They have been using a Lemmon 

cell with a silent electric discharge. 
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_ where world-wide buyers and sellers look first! 


NUCLEONICS NOVEMBER BUYERS’ GUIDE has experienced dynamic 
growth and acceptance it is the industry's international source book 
for products, materials and services 

The 1960-61 issue of the “GUIDE” is going to be different — designed 
to the true concept of a directory and reference issue —an ideal format for 
buyers or seekers of market, material, product and company information 


New Editorial Content for the first time consisting entirely of up-to- 
jate reference data selected on basis of readers’ most frequent 
needs, as determined by an industry survey. 


New Format Buyers’ Guide Section Comprehensive Directory of 
Products, Materials, and Services approximately 900 product 
categories with over 200 cross references . . . more than 17,000 com- 
pany listings in all. Product listings direct buyers to ads. 


List of Manufacturers and Their Sales Offices . . . with company 
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LABORATORY 
ELECTROMAGNET 
SPECIFICALLY 
DESIGNED TO 
PROVIDE LARGE 
VOLUMES OF 
HIGH DENSITY, 
HIGHLY HOMO- 
GENEOUS MAG- 
NETIC FIELDS. 


HARVEY-WELLS 
ELECTRONICS, INC. 
14 HURON DRIVE 
NATICK, MASS. 





NEW- LINEAR AMPLIFIER 
«FOR SCINTILLATION 
| SPECTROMETRY | 


HH | 
Bl | 


, 
MODEL 358-1 


i recovers from 4000x 
overload in 8 microseconds 


Franklin Electronics’ Series 358 
Linear Amplifiers* offer vast im- 
provements over previous ampli- 
fiers. In addition to their ability to 
recover from a 4000x overload in 
eight microseconds, they provide an 
exceptionally high overall gain of 
70,000 when used with their match- 
ing preamplifier. 

Series 358 Linear Amplifiers are 
available in various configurations 
to meet every application. Models 
are available with built-in integral 
or integral and differential pulse 
height analyzers. For immediate 
shipment. 


Request Data Sheet 2001 


*Developed at Oak Ridge National Laboratories 
by George Kelly (ORNL Type A-8). 


BRIEF SPECIFICATIONS 


MAXIMUM VOLTAGE GAIN 
preamplifier 

GAIN STABILITY: 0.9% for 
from 105 to 130 V 

GAIN CONTROL: By factors of 2 over a total range 
of 64 


70,000 (with matching 


line voltage changes 


OUTPUT PULSE: +110 V (doubly differentiated) 
PULSE WIDTH: 0.5 microseconds 
RISE TIME: 0.2 microseconds 


OVERLOAD RECOVERY: 8 microseconds from 4000x 
overload. 


LINEARITY: 0.1% of rated output 
MAXIMUM COUNTING RATE: 250,000 cps (random). 


NOISE: Output noise at full gain is 0.82 v rms, 
corresponding to 34 microvolts referred to input. 


POWER REQUIREMENTS: 105 to 125 V ac, 170 W. 
D-C power drawn; 39 W 


PHYSICAL: Dimensions; 19” Rack x 824” H x 134” 
D. Weight; 35 Ibs 


FIRST IN NUCLEAR INSTRUMENTATION 


¢> FRAN KLIN 
cee 
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Efficient Tritium Labeling 


By FRANK L. JACKSON, GEORGE W. KITTINGER,* and FRANK P. KRAUSE 


Procter and Gamble Co., Cincinnati, Ohio 


Tritium labeling of organic 


pounds by the Wilzbach gas-exposure 


com- 


method (1) is now a valuable and com- 
One 
which 


monly used laboratory technique. 
to the at 
tritium atoms exchange with hydrogen 


way increase rate 
is to subject the system to a silent elec- 
such tagging often 
minutes although 
would take 


tric discharge (2); 
takes 
without the discharge it 


only a few 
several days. 

For labeling by the silent-discharge 
have developed several 


method we 


simple cells to which we attach the out- 


* Present Appress: May Foundation, 
Jewish Hospital, Cincinnati, Ohio. 


To manifold 
Electrode to coil 


Glass-wool 
plug 


34/45 joint - 


ri 
310SS 


vesse} 





Cap and ~ 
29/41 joint 


External 


\ 
\ 
\ / / 


Compound 


FIG. 1. ELECTRIC-DISCHARGE CELLS en- 
able simultaneous exposure of organic 
liquid specimen to tritium gas and Tesla- 
coil discharge. As a result gas-exposure 
labeling, in which tritium exchanges with 
normal hydrogen, may take minutes instead 
of the several days often required when 
there is no discharge 


put leads of a Tesla coil. For the 
equally important tasks of purifying 
the labeled compounds and verifying 
the resulting purity, we have developed 
methods and criteria that we hope the 


reader will find useful. 


Labeling Procedure 


To label compounds by the electric- 
discharge method we place them in a 
closed Pyrex tube, add tritium and then 
use a Tesla coil to produce the dis- 
charge. We use cells of three types. 
The two small ones (a and 6 of Fig. 1) 
have internal copper electrodes; they 
are 12.5 cm long, 2.5 cm in diameter 
The third (e of 
Fig. 1) is designed for external elec- 


and 45 ml in volume. 


trodes, which produce adequate label- 
ing (sometimes superior to that of Cells 
a and 6) with less danger of arcing. 
This cell is a V-shaped glass tube with 
branches that are 17 cm long and 2.8 cm 
in diameter. Electrodes are two exter- 
nal windings of copper wire at upper 
ends of the branches. 

In the small cells the compound to be 
labeled goes either into a cylindrical 
cup on the bottom electrode (Cell a) or 
onto a plug of glass wool in a glass tube 
that fits over the bottom electrode 
(Cell b). In V-shaped Cell ¢ the speci- 
men lies at the bottom of the cell. 

After the sample is in place, we put 
tritium gas [99% pure and contami- 
nated mainly with He’ (3)] into the 
cell at a pressure of 10-22 mm of Hg. 
Then we ground one electrode, attach 
the other to a Tesla-coil output and 
run a silent discharge for 5-30 min. 
Spark-gap that 
the coil produces a peak potential of 
~25,000 volts. 


measurements show 


Purification 

The labeling procedure is followed 
of labile with a 
Subsequent 


by removal tritium 


polar solvent. purifica- 
tion involves multiple crystallizations, 
preferably from several solvent sys- 
tems. Our purification procedures are 
spelled out in the table on p. 103. Un- 
fortunately we have developed no gen- 


eral rules for purification. In 
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with an Electric Discharge 





Trichlorophenyl- Palmitic Dibromo- White N,N-Dimethyl- 
Proce carbanilide acid stearamide mineral oil dodecylamine-HC! 


Tritium Activities Incorporated in Organics by Electric Discharge 


Labeling 
Sample weight (gm 
Tritium pressure (mm Hg) 
rritium activity (curies) 
Discharge time (min 
Cell used (Fig. 1 b 
Step preceding Treat- Activity Treat- Activity Treat- Activity Treat- Activity Treat- Activity 


measurement mentt (me/gm) ment (me/gm) ment (me/gm) ment (me/gm) ment (me/gqm) 


Purification 


Labeling 


31.9 75.7 

4.75 (Debrominated to 
oleamide) 

3.59 Ab 

3.70 Ab 

3.70 Ab 


Ab 


Ist purification 


nd 


3rd 








Bis(hydrorydi- Neomycin 
Hexadecanol Stearic acid Oleamide chlorophenyl) sulfide sulfate 


+ 


Labeling 
Sample weight (gm 8.5f 
10 
13.4 
Discharge time (min ¢ 10 30 


Cell used (Fig. 1 ; b t b 


Tritium pressure (mm Hg) . 11 
lritium activity (curies 2.3 1.9 


Step preceding Treat- Activity Treat- Activity Treat- Actiity Treat- Activity Treat- Activity 
measurement mentt (mc/gm) ment (me/gm) ment (me /gm) ment (me/gm) ment (me/gm) 
Purification 


Labeling 


Ag 
2nd t Ag 
rd st d : i 3.6 Ag 
it] ; ‘ Ag 
Af 
Af 
Af 
Aj 
Af 
Ak 
Ak 
Af I 
Ag§ 2 I 
0. 
0.88 


Ist purification 


L) Lyophylized b) Acetone h) Hexane 
* Spread uniformly over glass wool. P) Precipitated from water solution with c) Methanol i) Petroleum ether 
+ Purification treatments are identified ethanol d) Ethanol-HCl j) Toluene 
letters in the S) Dissolved in indicated solvent; solvent e) Water-ethanol- k) Dimethylforma- 

evaporated acetic acid mide-water 
OCe88E8 ’) Vacuum distilled f) Glacial acetic acid 

Crystallized ') Triturated with 80% methanol 
Water solution treated with activated ') Treated with water t Tagged in eight separate operations. 
bor Solvents § Specific-activity increase comes from 


carbon 
E) Water solution extracted with hexane a) Ethanol g) Ethanol-water addition of second crop of crystals. 


] »pwerT-case 
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ELECTRONICS for 
NUCLEONICS 


The complete instrumenta- 
tion for the research reac- 
tor ’SILOE” of the Univer- 
sity of Ghent including 
highly dependable control 
equipment with fully transis- 
torized servo system is a 
development of our 

“Nuclear Energy Division’. 


This reactor is completely 
designedand builtin Belgium 
by “‘BelgoNucléaire”’. 
BELGONUCLEAIRE, 
Nuclear engineers 
35, rue des Colonies, 
BRUSSELS. 














“NUCLEAR ENERGY DIVISION” 
33, Berkenrodelei 
HOBOKEN-Antwerp 
Belgium 
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instances polar solvents are effective; 
in others best results come with non- 
polar solvents. 

Although little use has been made of 
column chromatography in purifying 
tritium-labeled organics, our results in 
testing purity with adsorption on cellu- 
lose fiber (see tests that follow) indicate 
that cellulose columns might be useful 
In the usual situ- 
ation, in which an impurity is less 
strongly adsorbed than the purified 
specimen 


for this purpose. 


compound, the would be 


found on the cellulose. 


Purity Criteria 

all tritium-tagged com- 
checked carefully 
before they are used for investigations. 


Purity of 
pounds should be 


Several procedures we have found use- 
ful for this purpose are listed below. 
We assume that all labile tritium has 
been removed previously. 
Crystallization. Repeated crystal- 
lization of a tagged compound from a 
variety of solvents coupled with spe- 
cific-activity determinations may indi- 
cate purity. This technique is not 
infallible, however; solubility charac- 
teristics of homologous tagged impuri- 
ties may be similar to those of the com- 
pound being purified. 
Apparent solubility. This 
dure determining apparent 
solubility of a tagged compound at con- 


proce- 


involves 


stant temperature in a suitable solvent 
with amounts of material in excess of 
the apparent solubility of the com- 
pound. Such a solubility curve is 
shown in Fig. 2 for 3,4,4’-trichloro- 
phenylearbanilide (TCC) in 4% soap 
(80% tallow—20% coconut). 

The shape of this curve encourages 
us to interpret it with two simple as- 
sumptions: (a) the weight of impurity 
is a negligible fraction of specimen 
weight; (b) the impurity is totally solu- 
ble in the solute. Thus the portion of 
the curve at small concentration de- 
pends entirely on specimen going into 


| solution and the portion at large con- 


centration depends entirely on impu- 
rity going into solution. 

A simple computation based on these 
assumptions shows that in Fig. 2 there 
A 5-mg 
specimen gives a specific counting rate 


is evidence of 4.7% impurity. 


of 75,000 cpm/ml; a 10-mg sample pro- 
duces 86,000 cpm/ml. Since the solu- 
tion volume is 15 ml, the total change 
on addition of 5 mg of specimen is 
15(86,000 — 75,000) = 165,000 
and that which corresponds to a 1-mg 
addition is }¢ of this, or 33,000 cpm. 


cpm, 


This article starts on page 102 
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FIG. 2. SOLUBILITY TEST shows presence 
of impurity that continues to dissolve 
after solution is saturated with specimen. 
Analysis assumes negligible fraction of 
totally soluble impurity 


Sorption (ug of sample /gm 
of cellulose fiber ) 





10 15 
Sample Concentration (ppm) 


FIG. 3. WEAKLY SORBING IMPURITY 
shows its presence as repeated sorption on 
cellulose removes specimen but leaves 
impurity behind. Intercept of “Sorption- 
only” curve tells amount 
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True sorption 
isotherm 
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FIG. 4. STRONGLY SORBING IMPURITY 
shows up in sorption test because it is 
removed rapidly during ‘“Sorption-only” 
part of test. Resulting curve passes 
through origin of graph 

Since the assay for a pure specimen 
taken from the small-concentration 
portion of the curve is 15 X 46,700 = 
700,000 cpm, the fraction of impurity 
is 33,000/700,000 = 0.047. 

Sorption isotherms. 
of testing sorption isotherms is shown 
by the idealized curves in Figs. 3 and 4. 
Suppose the impurity is not absorbed 


Another means 


in cellulose. One determines sorption 
on cellulose fiber for successively in- 
creasing concentrations of material in 
solution. When the greatest solution 


concentration of interest is reached, the 
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same solution is exposed to a second, 
third, fourth, etc., sample of fresh cellu- 
lose fiber; the amount of tagged mate- iss 

rial sorbed on the cellulose and that re- G te ¢ RA PH ITE S E RV ES 
maining in solution are determined for 
each exposure. The reverse isotherm : Hy 

Fig. 3) has an intercept that shows the 
fraction of tagged impurity. 
The method is also useful in the de- 

tection of strongly sorbing impurities 
Fig. 4). In this case, too, the reverse 
isotherm falls below the normal iso- 
therm, since at first the impurity sorbs 
faster than the pure specimen, but the 


curve passes through the origin. rom The uniformly high quality of GLC graphite for 
the spread between isotherms an esti- nuclear applications has been proved out in ther- 
mal columns and reflectors in operation through- 
out the world, as well as sub-critical assemblies 
installed in Universities in the United States. 


mate of the impurity in the sample can 
usually be made. You will see that 
the normal isotherm does not coincide 
with the true isotherm of the com- 
pound when the sample contains We are equipped and staffed to supply superior 
impurities. . “ graphite promptly and economically for nuclear 

[It should be stressed that the sorp- applications of all kinds. Our facilities for expe- 
tion-isotherm procedure detects that O0ue diting both domestic and overseas shipments are 
fraction of radioactive impurity that is @F scone f excellent. 


ot sorbing like he parent tagged " . 
, a You may find it advantageous to extend to us 


Chemical analysis after radioassay. ca 8 meets ag ae lial itihs — 


After the sorption-isotherm test for 


{ ompound 


purity, chemical analyses can be com- 
ou with radiochemical assay valuess.| GREAT LAKES CARBON CORPORATION 


With TCC one can use microchlorine 





va . | 18 EAST 48TH STREET, NEW YORK 17, N.Y. OFFICES IN PRINCIPAL CITIES 
analyses. The degree of agreement is 


indicative of the purity of TCC under | 





these ¢ xpe rimental conditions. 
Paper chromatography. Radio- 
scanning of paper chromatograms indi- | 


cates whether one or more radioactive a 


species are present in the tagged com- 
pound. It is advisable to prepare magazine file 
several chromatograms using different ; 
solvent systems in evaluating purity. for 

The use of a combination of the pre- ; 
viously described techniques should | . NUCLEONICS 


give a reliable appraisal of the purity | 


of tritium-tagged compounds. When | ™/~ readers 





possible, validity of the performance of | 
tritium-tagged compounds should be 
established with systems as closely re- | 
lated as possible to the systems which 


are to be studied ORDER NOW | e Each file holds a 
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| equipment (/). 


| safety 


| floats 
geous since smaller amounts of activity 


| free radionuclides. 


FIG. 1. RADIOACTIVE FLOATS can be sponge-rubber ball with solder ballast (left). 


Better are spun-stainless-steel balls (right), insensitive to pressure change 


Finding Piping Leaks with 


Sealed Millicurie Floats 


By ROBERT E. BLACK and WALTER KERWICK 


General Motors Research Laboratories, Warren, Michigan 


Finding leaks in buried industrial 
piping is usually expensive and incon- 
venient, especially when the line runs 
under a concrete floor or several feet of 
fill. 


liquids or gases are often cheaper than 


Techniques that use radioactive 


excavation, but they require elaborate 
In 
have found that sealed isotope-tagged 


leak 


precautions. contrast we 


for location are advanta- 
are required and the active material 
does not mix with the pipe contents 


or contaminate surroundings. 


Free Radionuclides 


Several leak-detecting methods use 
For example, one 
can pressurize one section of a system 
at a time with a radioactive gas and 
find leaks with suitable air-sampling 
Others use radioactive 
solutions in liquid-filled systems (2). 
Usually the known exits are closed; 


| radioactivity is injected; the experi- 


| 
| 


menter follows movements of the tracer 


with a radiation detector. One finds 
leaks where activity leaves the system. 
If a pipe is buried too deeply for this 
method, radioactivity can be injected 
flushed detectors 
through the pipe or lowered into bore 


and out; dragged 
holes find activity deposited in the fill 


around leaks. 


Sealed-Source Method 


We find leaks with sealed sources by 
placing a properly weighted radioactive 
float in the fluid of a pipe and allowing 
With normal 
exits closed the only current is that of 
The 
float moves with the current and stops 
at the leak. If the course of the piping 
is marked beforehand, 


the current to carry it. 


fluid escaping through the leak. 


a man with a 
detector can easily follow the source. 

Once the leak has been located, we 
recover the source by draining the line 
through a large gate valve (it may have 
to be installed for the purpose) and 
catching the source in a minnow seine. 

Multiple leaks. We can find sev- 
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eral leaks in one system since current 
If all are of the same 
size, the source usually travels as far 
To sweep 


flows from each. 


as the first one and stops. 
the source to the next leak we have to 
create a current larger than the leakage. 
This we do by increasing pressure or 
opening an exit. 

When there leaks of different 
the float often goes to a large 
It may slow down, 
however, as it passes a small leak, and 


are 
S1Zes, 
leak and stops. 


an experienced observer can often rec- 
If no 
speed changes are observed, one can 
locate and repair the largest leaks, then 
re-examine the line for smaller ones. 


ognize such a change of speed. 


Sometimes a leak is so large that one 
cannot make the float pass it. Giving 
the float a new starting point will 
usually reveal other leaks even as it 
flows once more to the large leak. 
starting and 
changing the direction of flow will dis- 
tinguish a leak from a mechanical 
block: a leak stops or slows the source 
regardless of direction; the source may 


Choosing new points 


go past a mechanical block from one 
direction although it is stopped from 
the other 


Making Sources 


In our earliest work our float was a 
sponge-rubber ball. Experiments with 
a mockup of a leaking pipe have shown 
us, however, that the best float for this 
kind of tracing is a rigid sphere with 
projections at the equator (Fig. 1). 
We weight it so that it has the density 
of the fluid in the pipe. Since it is 
rigid and incompressible, pressure 
changes do not cause it to settle or 
float out of the current. Projections 
enable the current to grip the float so 
that it stays in the current when the 
direction of flow changes, as at an 
elbow 

Material to be activated goes into a 
quartz capsule; the capsule is sealed in 
an outer container; the whole assembly 
is properly weighted and then sent to a 
reactor for irradiation. 

Nuclide. We have used Na*™ and 
Co® as float-marking radionuclides. 
Na* is ideal: its energetic (2.76-Mev) 
gamma radiation makes it usable even 
in deeply buried lines; its short (15-hr) 
half-life ensures that if a source cannot 
be recovered, its activity will soon de- 
cay to a safe value. Co is ordinarily 
useful only in shallow lines because its 
|.17- and 1.33-Mev gammas are readily 
attenuated. 
half-life makes it necessary to recover 


Furthermore its 5.2-year 


a source if it gets stuck. 
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How Much Activity? 


You can calculate in two steps the | 
amount of a radionuclide that can be | 
detected under a given thickness of 
backfill and concrete. First calculate | 
the radiation intensity at floor level | 
with 1 curie of nuclide in the pipe. 
Mass attenuation coefficients and| 
buildup factors for concrete and earth 
can be assumed equal to those for 
aluminum. Second, divide the radi- 
ation intensity that can be reliably de-| 
tected by the intensity computed in 


for work ina 
controlled 
atmosphere 


Step 1; the quotient is the source size | 


required. 

In this way we get the information 
plotted in Fig. 2. We assume that one 
can reliably detect a radiation level 10 
times background. The concrete floor 
is assumed to be 6 in. thick. When the 
background reading is 0.02 mr/hr, the 
reliably detectable radiation intensity 
is 0.2 mr/hr. Activity required for | 


thicker floors can be estimated roughly 
source | 


doubling the indicated 
strength for each additional 6 in. of 
concrete. 

A G-M survey meter should easily 
detect sources of strengths indicated by 
Fig. 2. If a source must be used at a 
much greater depth, a scintillation 
detector may be required. 


by 


S 


an— 


a 


Required Activity (curies) 


uo 


30 40 50 
Backfill Thickness (in.) 


FIG. 2. SOURCE STRENGTHS required 
for different backfill thicknesses. Compu- 
tation assumes 6 in. concrete over iron pipe 
with |4-in. wall thickness 


How It Works 


When we used our 
technique for the first time, we found 
six leaks in a salvage-water line under 
the floor of a forge plant. Leaking 
sections were covered with ~18 in. of 
backfill and a 9-in. floor. | 
Our source was ~30 mc of Na™,CO,; 
sealed in quartz and placed in a poly-| 


sealed-source 


concrete 
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Analytical 
and 
Radiochemists 


Continued expansion of Atomics International’s nuclear 
programs has created new opportunities for experienced 
analytical and radiochemists to work in our new laborato- 
ries in Southern California. 


These are career positions in support of one of the broadest 
and most diversified nuclear programs in industry today. 


Senior Analytical Chemists. Experience in at least two of the 
following fields; classical wet chemical analysis; spectro- 
photometry and flame photometry; polarography; electro- 
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ments. Duties to be: improvement of radiochemical analysis 
capabilities and in the development of radioactivation anal- 
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APPLIED RADIATION 
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ethylene bottle inside a water-soaked 
sponge-rubber ball. We dropped the 
assembly into a clean-out and flushed 
it into the line; water was then run into 
the line behind the source. We easily 
followed source movements with G-M 
survey meters and found our six leaks 
on the first pass. A second pass con- 
firmed the findings of the first. 

Since our sealed-source technique 
was new, we also examined the piping 
by dissolving 300 mec of Na* in the 
water. Our results were the same. 
Subsequently results with both radio- 
tracer techniques were verified when 
excavation revealed the leaks. 

In another application we used a 
Co® source to find leaks in a snow- 
melting system. Here 1}4-in. piping 
lies under a 3-in. concrete walk. We 
found two leaks by introducing 0.5 me 
of cobalt in a %-in. stainless-steel 
sphere. Where the pipes run under a 
street and are covered with 3 in. of 
concrete and 2 in. of asphalt, we used a 
5-mce source in a similar container and 
found several more leaks. 
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WHICH JOB WOULD YOU TAKE? 


If you’re like most of us, you’d take the 
job with the more tempting salary and 
the brighter future. 

Many college teachers are faced with 
this kind of decision year after year. In 
fact, many of them are virtually bom- 
barded with tempting offers from busi- 
ness and industry. And each year many 
of them, dedicated but discouraged, leave 
the campus for jobs that pay fair, com- 
petitive salaries. 

Can you blame them? 

These men are not opportunists. Most 
of them would do anything in their power 
to continue to teach. But with families 
to feed and clothe and educate, they just 
can’t make a go of it. They are virtually 


forced into better paying fields. 

In the face of this growing teacher 
shortage, college applications are ex- 
pected to double within ten years. 

At the rate we are going, we will soon 
have a very real crisis on our hands. 

We must reverse this disastrous trend. 
You can help. Support the college of your 
choice today. Help it to expand its facili- 
ties and to pay teachers the salaries they 
deserve. Our whole future as a nation 
may depend on it. 


It's important for you to know more about what 
the impending college crisis means to you. Write 
for a free booklet to: HIGHER EDUCATION, 
Box 36, Times Square Station, New York 36, N.Y. 


4\siNG , 
‘ hy , : = HIGHER EDUCATION 
2 Sponsored as a public service, ~ 

in co-operation with the Council for Financial Aid to Education 


we _ 
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PRICING BRED REACTOR FUEL 


Thus, the most 
that can be allowed for excess fabrica- 
0.5 mills/kwh. 
Under these conditions excess fabrica- 


about 0.5 mills/kwh. 


tion cost is about 
tion costs reduce the value of U?** to 
about $19/gm and of Pu??* and Pu**! 
to about $6 gm. 


Fast Breeders 


thermal 
reactors is not competitive, the value 


If plutonium recycle in 
of plutonium will be determined by 
the economics of fast breeders. Since 
plutonium can probably be produced 
at lowest cost in non-recycle thermal 
converters (until the time that breeders 
can supply the demand for fuel), the 
value of plutonium would be deter- 
the 
recycle thermal converters supplying 


mined by economics of non- 
plutonium to fast breeders. 

The operator of a fast breeder can 
afford to pay more for fuel fabrication, 
reprocessing and plant capital costs 
than the operator of a thermal con- 
of the 
neutron economy for plutonium in a 


verter because more efficient 
fast breeder. 

On the other hand, since the surface 
to mass ratio of fuel elements for fast 
breeders is on the order of ten times as 
large as for thermal reactors, the fuel 
fabrication and reprocessing costs are 
going to be significantly higher. At 
the present time it appears that these 
are higher by 2-4 mills/kwh. 
let A represent the differential 
the fast 
converter 


costs 
If we 
costs between 
and the thermal 
from all factors except inventory and 
fuel make up or credit, the value of 
the thermal-converter- 
with 


in energy 


breeder 


plutonium in 
fast-breeder system decreases 
increasing A, as shown in Fig. 2. 

The thermal converter used in this 
example is a low-enriched water-mod- 
erated which the 
cific power is 300 watts/gm and the 
The fuel ele- 


uranium oxide in zirconium 


reactor for spe- 
conversion ratio is 0.7. 
ments are 
. We assume a breeding ratio 
of 1.3 and a specific power of 200 
watts/gm for the fast breeder. The 
effect of interest rates on fuel inventory 
is shown for two rates, 4% and 10%. 
The total fuel for the thermal 
converter is estimated to be 3.5—0.22 
Vp, mills/kwh. If we 
that the total fuel costs must be less 
than 2 mills/kwh for 
nuclear energy, the minimum value of 
plutonium is about $7/gm of Pu**® 
Pu**!, This fuel cycle would be 


tubing 


cost 
again assume 


competitive 


This article starts on page 64 


for a A less than 1.8 


competitive 
mills/kwh. 


Buy-Back Prices 

We conclude that AEC “buy-back” 
price for U*** relative to plutonium is 
[235 
thermal plutonium 
may be as much as | mill/kwh larger 


too low. make-up costs for 


recycle reactors 
than for U*** on the basis of the present 
price schedule for enriched uranium. 
Depending on the relative costs of 
fuel-element fabrication for plutonium 
and U?53, a substantial portion of the 
savings in fuel make-up costs should 
remain after optimization of the two 
fuel cycles. Since there is no evidence 
yet that fabrication will be 
substantially different for the two fuel 
cycles, our analysis indicates that U?** 


costs 


should be worth about $12/gm more 
than plutonium (per gram of Pu?**® 
and Pu**!). Indeed, if the fabrication 
equal, Pu cannot compete 
with U*? in with 
specific powers > 200 watts/gm. 
These not altered 
by considering the value of plutonium 
fast-breeder 


costs are 
thermal reactors 
conclusions are 


in fast reactors. Since 
costs for things other than fuel are 
probably at least 2 mills/kwh higher 
than for a thermal converter, the value 
of Pu in 
breeder cycle is less than $7/gm. 


the thermal-converter—fast- 


The final question is, ‘‘ What values 
of U? 
to minimize distortion and provide a 


33 and plutonium should we use 


maximum of encouragement to the de- 
velopment of economic nuclear power?”’ 

Our analysis of the inherent worth 
of the bred fuels combined with our 
the 
permissible 


judgment of nuclear 
fuel 
nuclear power suggests that a reduction 
in the price of Pu to $6-8/gm would 
This would 
allow 0.5 mills/kwh for excess fabrica- 
tion 
thermal reactors. 


maximum 


costs for economic 


not be unreasonable. 


cost to encourage recycle in 
It would also give 
the fast-breeder development program 
a margin of about 2 mills/kwh in net 
fissionable-material costs over a thermal 
non-recycle Pu converter. 

So as not to prejudice the develop- 
ment of the thorium-U*** fuel cycle, 
the same allowance for excess fabrica- 
tion cost as for plutonium should be 
made, which would mean a value of 
about $18 to $20 per gram for U?**. 


* a + 


The author would like to thank Mr, M. 
Wiener for assistance in the preparation of 
this paper. 
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THERMONUCLEONICS 


A Review of Where we stand in the pursuit of controlled thermo- 
U. S. Fusion Program nuclear power was reviewed at the recent American 
Nuclear Society meeting by Harold Morton of AEC’s 


controlled fusion branch. His remarks, excerpted in what follows, suggest that 


there’s still a long way to go but our understanding is growing and eventual 


success seems likely 

We have dense plasmas (ion densities approaching 10" per cm*) with ion 
temperatures in the We are seeking a modest increase in tem- 
perature and a longer confinement time. Recall that at 5 kev a D-T plasma 
will produce enough thermonuclear energy to offset ordinary bremsstrahlung 


|—-2-kev range. 


losses 

We have medium-density plasmas where the electron temperature is well into 
the thermonuclear range, although the ion temperature is not, owing to charac- 
teristics of the plasma injector. We need to increase the ion temperature and 
we think we know how to do it. 

We have the means of producing very dilute plasmas with ion energies well 
above 100 kev (higher than needed). We need to increase the ion density and 
ilso the confinement time. 


are the plasmas as pure as we would like to see them. However, 


In ho Cast 

from the above it may be seen that we are systematically exploring a wide range 
Particle densities vary from about 10° to 10". 

Major accomplishments of the last couple of years 


of plasma conditions. 

Recent accomplishments. 
are sometimes overlooked: 

1. Plasma having an electron temperature of about 25 kev, an ion temperature 
of pt ind a density of about 10' has been confined in a completely 
stable manner for as long as 30 millisec in a mirror machine employing plasma 
injection followed by compression. The confinement time is long (10° X) com- 
pared with the time required for an instability to develop, and one kind of 
predicted theoretically, can be made to occur or be suppressed by small 


] 


I naps Ke} 


instability 
changes in the initial field strength. 

2. Well-randomized plasmas having ion densities approaching 10", ion tem- 
peratures between 1 and 2 kev, and substantially lower electron temperatures 
have been produced in Los Alamos’ Scylla and in the Naval Research Lab device 
and have been ¢ xtensively studied. 

3. Recent conceptual studies of cryogenically-cooled coils show it will be possi- 
le to drastically reduce the amount of electrical power necessary to generate 
fields over large volumes and hence greatly reduce the size of 
fusion ] Basic work on the behavior of materials at low tempera- 
ture is being supported at the Bureau of Standards and at NRL. 

4. Considerable progress has been made in the injection problem. The 
varticularly the ion energy) of plasmas for injection into mirrors and 
Improvements have also been made in 


strong magneti 


ower reactors 


I 


ISps is heen 


increased markedly. 
boosting the output of ion sources ten-fold and in raising the currents of ion and 
particle beams. 

5. The hard-core pinch has generated new information on hydromagnetic 


The gross stability achieved is appreciably better than with the old 


neutral! 


otron resonance heating experiments at Princeton have shown 
fraction of the applied rf power can be transferred to a plasma by 
this means and that ordered wave motion can be transformed into heat motion. 
7. The Astron electron gun at Livermore has produced high-quality pulsed 
ectron beams at about 50 amps and 600 kev. Single pulses have been con- 


rine d 


I 


"OF 


for times of the order of 1 sec. 
lenty of problems left, but one cannot say that they appear insur- 
Wall problems and materials problems will loom increasingly larger 

m moves ahead. 

point that should perhaps be mentioned is that basic plasma physics is 
sarily synonymous with working with small-scale devices. We have a 
number of useful small-scale devices and there is a general tendency not to make 
1a experiment any larger than it has to be. However, there are probably 
1 number of important things about plasmas which are going to be understood 
when really hot plasmas have been produced, and their production may well 


quire sizeable apparatus. 
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BOOTH 


Instantly ready for 
vital FIRST AID 


Miscues and accidental exposure to dan- 
gerous propellants and other chemicals can 
occur with shocking suddenness. Adequate 
water irrigation is an important key to min- 
imizing such injuries and subsequent 
claims. HAWS Decontamination Booth is 
the answer...a complete safety station for 
immediate first aid. 


HAWS MODEL 8600 
DECONTAMINATION BOOTH 


is made of durable, lightweight reinforced 
fiberglass plastic, and features Haws Eye- 
Face Wash Fountain, eight lateral body sprays 
and overhead spray unit. All are simultane- 
ously activated by weight on the base- 
mounted foot treadle! Contaminated victims 
are instantly “covered” with water that 
floats away foreign matter from body and 
clothing. 

At aeronautical and astronautical installa- 
tions everywhere, HAWS Safety Facilities are 
important in boosting air-age safety pro- 
grams. Find out what this equipment can 
mean to your operation. Full details sent on 
request, with no obligation. 


o/h | 
ts. 


EXPORT DEPARTMENT * 19 COLUMBUS STREET 
SAN FRANCISCO 11, CALIFORNIA 
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Fast Neutron Spectroscopy 


By B. V. RYBAKOV and V. A. SIDOROV, edited 
by N. A VLASOV, Supplement No. 6 of the 
Soviet Journal of Atomic Energy, 1958 (Con- 
sultants Bureau Inc., New York, 1960, 121 pages, 
$17.50) 


Reviewed by GEORGE J. SarrorD, Co- 
lumbia University, New York 

A definite need has existed for a 
book that would adequately review 
the many recent advances and im- 
provements in the field of fast neutron 
spectroscopy. This monograph (which 
first appeared in the Soviet Journal 
of Atomic Energy in 1958) admirably 
fulfills this need. 

The authors give a comprehensive 
review of time-of-flight techniques, 
fast-neutron detectors used in neutron 
energy and flux analyses, and a detailed 
description of much of the associ- 
ated instrumentation. The fact that 
this significant book comes from the 
U.S.S.R. adds greatly to its interest, 
for it contains not only a survey of 
work that has been performed in other 
countries but also some of the authors’ 
experiments and results with neutrons 
from a 1)4-meter cyclotron. It is well 
to mention that the translation from 
the Russian is excellent and has in no 
way clouded the subject matter. 

By the term “fast neutron,” the 
authors refer to the neutron energy 
range between 0.3 and 30 Mev., the 
lower limit being set by the lowest 
practical energy at which neutrons can 
be detected by proton recoil and the 
upper limit being a natural one from 
the viewpoint of the determination of 
discreet nuclear levels. This energy 
region covers the limiting energies of 
neutrons produced by nuclear reactors, 
fixed-frequency cyclotrons and Van de 
Graaff generators. 

The first three chapters describe 
the measurements of neutron flux 
and energy by neutron-proton recoil 
techniques and by the study of 
charged particles from neutron-induced 
reactions. 

Of particular interest are the de- 
tailed descriptions of various types of 
thin and thick radiators, proton-recoil 
telescopes and the factors that effect 
their efficiency and resolution. Actual 
telescope designs are given as well as 
experimental results obtained with the 
instruments. The authors give an 
excellent survey of He* (n,p)T ioniza- 
tion spectrometers, their practical 
limitations and advantages, the dif- 
ferent gas mixtures used for filling, 
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the useful energy ranges and the 
charged-particle spectra obtained for 
various neutron energies. This dis- 
of the He?® ionization 
trometer and also of Li®I(Eu) crystal 
should be of 


cussion spec- 


scintillation counters 
particular interest to those involved in 
the study of reactor fluxes and in 
neutron shielding experiments, because 
the independence of the total reaction 
products from the direction of the 
incident neutron makes such counters 
useful for measurements of neutron 
spectra from extended sources. 

The remaining five chapters of the 
book are devoted to time-of-flight 
neutron spectrometers, the associated 
pulsed neutron sources, neutron detec- 
tors and time analyzers. The resolving 
power, efficiency and energy ranges of 
such spectrometers are also discussed 
in detail. The authors review the 
methods that have been used to obtain 
using Van 
de Graaff generators and cyclotrons. 


pulsed neutron sources 
Two ingenious methods presently un- 
der investigation are described that 
may enable the pulse current to be 
increased by a factor of 100 compared 
with usual beam-chopping techniques. 

Certainly one of the most valuable 
portions of this book is a review of 
scintillation neutron detectors used 
with time-of-flight spectrometers in the 
megavolt region. The efficiency and 
photomultipliers with 
organic scintillators together with the 


resolution of 


various factors that affect these quanti- 
In addi- 
tion, the characteristics of crystal, 


ties are considered in detail. 


plastic, liquid and gas scintillators are 
A complete survey of the 
many types of time analyzers that have 
developed in recent years for time-of- 
flight fast-neutron spectroscopy would 
occupy a volume by itself. In the 
present monograph, the authors have 
wisely restricted themselves to a dis- 


compared. 


cussion of the principles of operation 
of the basic types of time analyzers in 
the Single- 
channel time analyzers, the ‘‘chrono- 
tron,” time analyzers utilizing ‘‘time- 
to-amplitude”’ and the 
“Vernier principle” of time analysis 


millimicrosecond region. 


conversion 


are among the topics. 

One of the pleasing aspects of this 
book is the fact that the authors have 
achieved a thorough and up-to-date 
review of fast-neutron spectroscopy 
while maintaining a balance between 
applications and analyses of the tech- 


niques described. Each chapter is 
well referenced for those who may wish 
to pursue further certain phases of the 
work. The book should prove useful 
to those engaged in the fields of neutron 
spectroscopy and neutron physics as 
well as to students in advanced physics 


courses. 


BOOKS RECEIVED 


Symposium on Radioactivity in Indus- 
trial Water and Industrial Waste 
Water (American Society for Testing 
Materials, Philadelphia, 1959, 69 pages, 
$2.50). Papers from the ASTM an- 
nual meeting in Boston, June 1958, 
include descriptions of experience with 
the APPR and Shippingport reactors. 
The remainder deal with analysis of 
environmental waters 


industrial and 


for radioactive contamination. 


Annual Review of Nuclear Science, 
Vol. 9, edited by E. Segré and L. I. 
Schiff (Annual Reviews, Inc., Palo 
Alto, Calif., 1959, 625 pages, $7). 
Reviews in this volume by the usual 
outstanding experts are Nuclear Photo- 
disintegration (Wilkinson); The Pion- 
Nucleon Interaction 
Relations (Chew); Strange Particles 
(Okun’); The Experimental Clarifica- 
tion of the Laws of 8-Radioactivity 
(Konopinski); High-energy Nuclear 
Reactions (Miller, Hudis) ; Technetium 
and Astatine Chemistry (Anders); 
Solvent Extraction in Radiochemical 
Separations (Freiser, Morrison); Nu- 
clear Fission (Halpern); Electronics 
associated with Nuclear Research (Ken- 
dall); High-Temperature Plasma Re- 
search and Controlled Fusion (Post); 
Fast Reactors (Koch, Paxton); Eco- 
nomics of Nuclear Power (Lane) ; Verte- 
brate Radiobiology (Rugh); Biochemi- 
cal Effects of Ionizing Radiation (Ord, 
Stocken); Cellular Radiobiology 
(Atwood). 


and Dispersion 


Fast Neutron Physics, Part I: Tech- 
niques, edited by J. B. Marion and 
J. L. Fowler (Interscience Publishers, 
New York, 1960, 983 $29). 
The emphasis is on interactions of 
monoenergetic neutrons of >1 kev. 
Part I (Neutron Sources, Recoil Detec- 
tion Methods, Detection by Neutron- 
Induced Methods, Special Techniques 
and Problems) is concerned with ex- 
perimental techniques. Part II 
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pages, 


will 








present experimental results and inter- 
a reference 
work, this book should be of use to re- 


pretation. Intended as 
actor engineers, health physicists and 
others, as well as research scientists. 


Progress in Non-Destructive Testing, 
Vol. 1, edited by E. G. Stanford and 
J. H. Fearon (The Macmillan Co., New 
York, 1960, 267 pages, $12). This is 
the first of an annual review series. 
Intended to be international, the book’s 
British reflected in seven 
British articles and one from the U. 8. 
Scope is broader than the usual flaw- 
e.g., an article 
techniques. 
industrial radiog- 

electromagnetic 
methods, neutron radiography, medical 


origin is 


detecting methods, 
on thermal-conductivity 
Other subjects are 
raphy, ultrasonics, 
applications, vibrational-damping tech- 
niques and nuclear magnetic resonance. 


Progress in Nuclear Physics, Vol. 7, 
edited by O. R. Frisch (Pergamon 
Press, New York, 1959, 326 pages, 
$14.00). Review and ‘‘an- 
nuals”’ continue to be a useful device 
whereby the nonspecialist can catch 


volumes 


up with goings on in our ever-more- 
The articles 
are also a useful starting point for 
Bubble chambers, 
resonance fluorescence, spallation, opti- 
scattering, 
of helicity and weak 
interactions are the topics covered in 


complicated technologies. 
literature searches. 
nuclear 


cal model for 


measurement 
this latest of an important series. 


Progress in Nuclear Energy, Series 
XIl, Health Physics, Vol. 1, edited by 
W. G. Marley and K. Z. Morgan 
Pergamon Press, New York, 1959, 602 
pages, $15). This volume contains 
selected, edited papers from the 1958 
Geneva Conference (related papers on 
radiobiology and medicine are in Series 
VI and VII, respectively). Topics in- 
clude oper- 
ational experience, dosimetry and en- 


permissible exposures, 


vironmental aspects. 


ALSO OF NOTE 


Nuclear Incident at the Idaho Chemical 
Processing Plant (IDO-10035) is the 
report of the AEC special investigating 
committee on the nuclear excursion 
that occurred in the plant on Oct. 16, 
1959. It discusses events leading to 
the incident, consequences and recom- 
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mendations. 100 pages, $2.25. Office 
of Technical Services, Department of 
Commerce, Washington 25, D. C. 


Thorium and Its Compounds provides 
information on toxicity, evaluation of 
exposure, control measures and medical 
procedures. 25¢. American Indus- 
trial Hygiene Assoc., 14125 Prevost, De- 
troit 27, Mich. 


Instrumentation Abstracts distributes 
abstracts weekly of U. 8S. and foreign 
journal articles, meeting papers, pat- 
ents and books in the chemical, 
petroleum, food, steel and glass fields. 
Instrumentation Abstracts, 80 E. Jack- 
son Blvd., Chicago 4, Ill. 


Russian Patents Gazette is a monthly, 
English-language abstracting service; 
copies of the original patents and trans- 
lations are alsc available. $120/yr 
(General, Mechanical & Electrical 
Section only, $80; Chemistry & Chemi- 
cal Engineering Section only, $80). 
Technical Information Co., Chancery 
House, Chancery Lane, London, W.C.2, 
England. 


Status Report on Boiling Water 
Reactor Technology [TID-8518 (5)] is 
Book 5 of Part III of the AEC 4-part 
study of the Civilian Power Reactor 
Program. Remaining volumes of Part 
III to be published through the fall of 
1960 are on fast (Book 1), pressurized- 
water (2), aqueous-homogeneous (3), 
heavy water-moderated (4), sodium- 
graphite (6), organic (7) and gas- 
cooled (8) reactors. Book 5: 75 
pages, 60¢. Superintendent of Docu- 
ments, U. S. Government Printing Office, 
Washington 25, D.C. 


Gas-Cooled Reactors is the proceed- 
ings of a symposium sponsored by The 
Franklin Institute and the Delaware 
Valley Section of The American Nu- 
clear Society, February, 1960. The 
symposium covered the status of major 
programs, fuel elements and materials 
and components and loop studies. 349 
pages, $5. Journal of the Franklin 
Institute, 20th and the Parkway, Phila- 
delphia, Pa. 


General Reactor Analysis Computer 
Program for the IBM 704, Program 
George (APEX-543), by T. A. Hoffman 
and W. B. Henderson, was prepared 
for the Air Force and AEC by GE 


ANPD. Program George is a code 
that combines standard ANPD re- 
actor analysis methods for computing 
multiplication constant and spatial 
distribution of flux and power, and 
other parameters, in aircraft reactors. 
361 pages, $5. Office of Technical 
Services, U. 8S. Department of Com- 
merce, Washington 25, D. C. 


U. K. unclassified reports from the 
Atomic Energy Research Establish- 
ment, Atomic Weapons Research Es- 
tablishment and the Industrial Group 
of the U. K. Atomic Energy Authority 
from July, 1958, to June, 1959, are 
available in microfiche. Micro Meth- 
ods Ltd., Bradford Rd., East Ardsley, 
Wakefield, Yorks., England. 


French AEC reports are available on 
microcards. 25¢/side. The Microcard 
Foundation, 901 26th St. NW, Wash- 
ington 7, D.C. 


The Engineering Index—1959, 75th 
ed., is an annotated listing of 39,100 
engineering articles from 1,700 U. 8. 
and foreign publications arranged ac- 
cording to field with an author index. 
1,532 pages, $70. Engineering Index, 
Inc., 29 W. 39th St., New York 18, 
ws 


Radioisotopes catalog and price list 
of the Oak Ridge National Laboratory 
(3rd revision) describes the over 100 
radioisotope preparations offered, faci- 
lities, services and ordering procedures. 
Isotopes Branch, Division of Licensing 
and Regulation, U. S. Atomic Energy 
Commission, Washington 25, D. C. 


Heavy Water Lattices is based on 
discussions by a panel of physicists 
convened by the IAEA in Vienna, 
September, 1959. Existing data are 
evaluated, but emphasis is put on 
problems to be solved. 142 pages, 
$1.50. International Atomic Energy 
Agency, Karntner Ring 11, Vienna 1, 
Austria. 


Neutron Cross Sections (BNL-325), 
Edition Il, Supplement 1, by D. J. 
Hughes, B. A. Magurno and M. K. 
Brussel, contains new data accumu- 
lated since July, 1958, publication date 
of the second edition. 129 pages, $2. 
Superintendent of Documents, U. 8. 
Government Printing Office, Washington 
26, D.C. 
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PRODUCTS AND MATERIALS 





Digital-Computer Monitors for Burst Fuel Slug 


Two RW-300 digital control computers will be used to detect and locate ruptured 
fuel cartridges in the French EDF-2 power reactor. Intertechnique, the French 
instrument company, has the prime contract for the computing/data-logging 
system and is engineering the entire burst-slug detection system. The computer 
will monitor radioactivity of CO, cooling gas flowing through the reactor’s 1,148 
A pinhole, split, or other fault in one of the uranium fuel slugs will 
The cooling 


Every minute 12 channels 


channels. 
cause a gradual increase in the radioactivity of the cooling gas. 
channels will be divided into 287 groups of four each. 
in different groups will be switched to 12 detectors for a “ 
All groups will be scanned in 24 minutes. When a detector shows radioactivity of 
cooling gas exceeds a preset upper limit, all four channels in that group will be 
Normal 
radioactivity value for each channel is calculated, and if any of these figures 


coarse ”’ scanning cycle. 


switched to one of four additional detectors for a “ fine” scanning cycle. 


exceed an appropriate limit, a warning signal will be activated; if condition 
continues beyond a safe level, an alarm will be sounded.—The Thompson-Ramo- 
Wooldridge Products Co., 202 N. Canon Drive, Beverly Hills, Calif. 


Photocopy Equipment Used in Studying Bubble-Chamber Tracks 


A standard office photocopy machine (above, left) is used at Brookhaven National 
Laboratory to enable scientists to study significant photographs of tracks pro- 
duced in bubble chamber. Hundreds of 35-mm photographs are taken during oper- 
ation ot the bubble chamber, but few contain tracks that should be examined by 
the research staff for significant data. 
who examines an enlargement of every photograph in a scanning machine and 
The Quick Silver photocopy equip- 


These few are preselected by a technician 


photocopies significant ones (above, right). 
ment uses a silver-photography stabilization process in which two solutions, an 
activator and a stabilizer, are used.—Peerless Photo Products, Inc., Shoreham, 
Long Island, N. Y. 
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Photon Absorbers 


Ruggedly constructed absorbers, spe- 
cific for the 14-kev photon from Fe*, 
are available for studies using the 
Mossbauer effect. [See, for example, 
Phys. Rev. Letters 4, 337 (Apr. 1, 1960).| 
Typical absorbers consist of a metallic 
enriched 
Fe 
and electrodeposited onto one side of a 
beryllium disk 1-3 in. in dia and 0.020 
0.030 in. thick. 
tects adherent iron film from oxidation. 


iron film, 2-4 mg/cm? thick, 


approximately 78% in stable 


Acrylic coating pro- 


Enrichment greatly increases sensi- 
tivity over that obtained with natural 
iron; beryllium provides a strong, rigid 


Ab- 


sorbers are custom-made to individual 


substrate of low attenuation. 


dimensions and enrich- 


Nuclear 


requirements; 
ment can be varied widely. 
Metals, Inc., Concord, Mass. 


Electromagnetic Isotope 
Separator 


Isotopes can be produced in milligram 
amounts with an isotope separator 
suitable for working with the lightest 
elements. Three ion 


and heaviest 


medium- and low- 
temperature source (<1,000° C), which 
has a vacuum lock for rapid introdue- 
samples; high- 
1,000-1,600° C); 
which 


sources are used: 


tion of radioactive 
temperature source 

sputtering-ty pe 
operates independently of temperature 


and source, 
and is specially designed for platinum- 
group elements. Three collectors are 
used for beam analysis and current 
measurements, for average high-beam- 
current collection and for radioactive 
Thin Al foils 
separator to 
Vacuum 


isotopes on single foil. 
cover inside surfaces of 
facilitate 


chamber is made of stainless steel, and 


decontamination. 


insulating cylinder is lined with Teflon. 
these 
decontaminated with acid. 
rue de Dunkerque, Paris 


If necessary, surfaces can be 
Gamma 
Industrie, 52, 


France 


Fast Electronic Counter 


Model 3000, 4-digit all-electronic total- 
izer is completely transistorized and 
cold-cathode 
tube elements. Instrument can count 
at 2,000-cps rate and costs <$200. 
Oxford Engineering Co., 47A River 
Street, Wellesley Hills 81, Mass. 
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has long-life counting- 





Radiation Measuring System 


3attery-operated radiation measuring 
can operate continu- 
months without 
System can 
be- 


system (above) 


ously for up to 6 
replace ment of batteries. 


measure X- 
tween 80 key 


and y-ray energies 
and 1.3 Mey for ionizing 
to 1,000 r/hr. 
Jasic model has detection chamber and 


but system 


rates from 0.5 


dose 


electronic measuring unit 
with strip-chart recorder is available. 
Alarm audible 


visible signal when radiation of 0.5 r/hr 


circuit emits an and 

is detected ;by the chamber.— 

Equipment Corp., 1931 
Los Angeles 25, Calif. 


or more 
Computer 
Pontius Ave 


Ratemeter-Spectrometer 


Single-channel ratemeter-spectrometer 
above) features a nine-range ratemeter 
capable of 10° eps with a choice of time 
constants at 0.5, 2.5, 10 and 40 sec. 
New-type indicator facilitates 
eter tuning by emitting a tone 


aural 
spectron 
frequency proportional to count rate. 
Adjustable and threshold have 
widths of 100 volts, and both controls 
are 1,000-division precision odometer- 
type potentiometers.—Tracerlab, Inc., 
1601 Trapelo Road, Waltham, Mass. 


window 


Dual Ratemeter 


Fully dual ratemeter 
directly indicates linear counting rate 
with seven ranges between 0-50 cpm 
und 0-5 X 10 


transistorized 


Seale division is 
scale. Time con- 
60 Log 
indicated on 


cpm. 
Ll « pm 50-« pm 


stants 


on 


are 0.5, 5 and sec. 


counting rate is directly 
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3- or 5-decade scales. 
range is 500-2,500 v, and 
~—Tracerlab, Inc., 1601 Trapelo 
Mass. 


nectors. 


Road, Waltham, 


High-Speed Micromicroammeter 


Micromicroammeter has response speed 
<600 msec to 90% of final value at10~"* 
amp at which point external circuit 
capacity is 50 wuf. Accuracy is +2% 
of full scale on 10~*- through 10~*-amp 
ranges, and +3% of full 
3 X 10-*- through 107'*-amp ranges. 
Current of ~10-' amp is detectable. 
—Keithley Instruments, Inc., 12415 

Euclid Ave., Cleveland 6, Ohio. 


scale 


Coincidence Analyzer 


Model 704 coincidence analyzer (above) 
employs delay-line compensation for 
transit time of single-channel analyzers 
used in a coincidence experiment. 
Resolution time is 0.01 to several 
microseconds in fast channel, depend- 
ing on delay Counting! | 
rate in fast channel is 20% duty cycle, 
or up to 4 X 10‘ coincidence cps. Slow 
channels have deadtime of ~2 pulse 
durations, measured from beginning 
of first pulse. Input for fast channel 
is negative pulse, 20 ma or more in 
. 000 ohms; input for slow channel is 
2-50 v positive (negative on reque 7 — 
Interstate Electronics Corp., 707 
Vermont Ave., Anaheim, Calif. 


lines used. 


Jast 


Analog Reactor Simulator 


Reactor analog computer (above) com- 


bines special-purpose equipment tai-| 


lored to nuclear-reactor design prob- 


Power supply | 
detector | 
power is provided to two separate con-| 


on 
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now means top quality rare earth 
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Is That Not 
A Gondolier? 


. « « Nol It’s our man in Milan 
racing toward another exclu- 
sive for NUCLEONICS WEEK. 


@ The McKinney Panel’s 
meeting at Lake Como .. . 

@ The secret of SELNI’s first 
sile—and its second .. . 

@ The controversy over Ispra 
Research Center’s status . . . 


These stories, carried exclusively 
in NUCLEONICS WEEK, are typical 
of the output of McGraw-Hill’s 
200-man world-wide news force 
—ready to serve you through 
NUCLEONICS WEEK. 


Make a date this week with... 


NUCLEONICS 
WEEK 330 WEST 42nd ST., 


NEW YORK 36, N.Y. 
A subscription card is enclosed in 
this issue for your convenience. 











116 


Pe & MATERIALS 


| 
‘lems and general-purpose computing 
thus flexibility is retained and 
optimum utilization is achieved at low 
Wide variety of computations 
‘can be carried out with component 
Removal of a few 
shorting links disconnects the ‘reactor 
| loop,”’ permitting programming of coef- 
| ficient and integrator units and func- 
Simulator is coupled 
|to a general-purpose computer but can 
self-contained by adding 
Ltd., 


| Shoreham Airport, Sussex, England 


units; 
cost. 


accuracy of 1%. 


| tion generators. 


be made 


amplifiers—Miles Electronics 


| 
| 
| 


|Emergency Decontamination Kit 


| Emergency radioactivity decontamina- 
tion kit (above) provides equipment 
and information necessary for immedi- 
during early moments 
Kit, 


signed for emergency use only, includes 


ate action 


following radioactive spill. de- 
respirator, disposable clothing, decon- 
instruction 
manual; all are contained in heavy- 
gage steel case.—Tracerlab, Inc., 1601 
Trapelo Rd., Waltham 45, Mass. 


tamination solutions and 





|Aerosol Monitor 

Contamination Analysis Kit 

| Disposable, open-type aerosol device 
collects radioactive airborne particles 
which are retained directly on the 
|surface of Millipore filter, where they 
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can be easily counted. Monitor is dis- 
posable, thus preventing cross contami- 
nation of equipment. Background 
counts are held to absolute minimum 
because filters are exposed only at 
moment of use. 
Contamination 
provides detection 
of radioactive contami- 
nation in liquids such as coolant waters 
liquid from 
Suspended solids in sample are readily 
removed with a filter that is assayed 
for alpha and beta activity. Particles 
screened from fluids lie directly on the 
Kit contains filter holder, 
vacuum flask, vacuum pump, petri 
dishes, grid-marked filters and micro- 


analysis kit (above) 
rapid 


particulate 


sensitive, 


and wastes reactors. 


surface. 


scope slides.—Millipore Filter Corp., 
Bedford, Mass. 


Whole-Body Monitor 


Human-body radiation monitor (above) 
has five Nal(Te) crystals; four are 
5 in. dia X 4 in. deep, and one is 3 in. 
dia X 5 in. deep and has lead col- 
limator. Large crystals permit scintil- 
lation spectrometry in an arrangement 
where counting rate is independent of 
other crystal 
gives localization by means of collima- 
tor. 
coupled respectively with 5- and 3-in.- 
dia E.M.I. photomultipliers. Over-all 
resolution of four large head units, 
expressed as full width at half-height 
of Cs!*’ 0.661-Mev photo- 
peak, is ~10%. Individual-head res- 
olution is 8.5-10%.—Nuclear Enter- 
prises (G.B.) Ltd., Bankhead Medway, 
Sighthill, Edinburgh 11, Scotland 
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localization, whereas 


The 5- and 3-in.-dia crystals are 


gamma 





Automatic Sample Changer 


Automatic counting system for beta- 
emitting solid samples (above) has 
background of 2 cpm _ permitting 
analysis of samples emitting only 
2-3 cpm. System automatically han- 
dles up to 35 radioactive samples 
including recording of time required 
for each sample to reach a selected 
preset count.—Nuclear-Chicago Corp., 
359 E. Howard Ave. at Nuclear Drive, 
Des Plaines, Ill. 


Canned-Motor Pump 


Heavy-water canned-motor pump 
above) was designed and manu- 
factured for purification circuit of the 
Swiss research reactor Diorit. Pump 
can deliver 12 gpm with a pressure 
head of 164 ft. All parts in contact 
with heavy water are high-surface- 
finish stainless steel. Water-lubricated 
bearings are made of special synthetic 
material; patented, hydrostatic thrust 
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MODEL #N616 





»seees « THE EKCO NG616 
VIBRATING REED ELECTROMETER 


Unsurpassed performance and flexibility at low 
cost. Proudly offered as successor to the widely 
used and well known EKCO N572 Electrometer. 


The name Ekco Electronics, Ltd. signifies more than world-wide 
representation and acceptance on six continents. Whether it be 
instruments for precise radiation measurements, unique laboratory 
research, reactor monitoring, public health and plant safety, or 
industrial gaging through isotopes, Ekco Electronics, Ltd. on the 
nameplate of an instrument represents the acme of excellence in 
design, performance, dependability and long-lasting value. An im- 
pressive list of companies and institutions throughout the world 
use Ekco equipment. 





The above instrument is one of a large and complete range of 
EKCO instruments described more completely in the EKCO cata- 
logues available upon request. We cordially solicit your inquiry. 
Write today for name of franchised EKCO representative nearest 
you. 





NOW FULLY PROVEN 


the EKCO low-cost Scintillation System for Tritium and Carbon 14 counting. 
The EKCO Scintillation Counter has been thoroughly evaluated 
and proved in actual use. It is accepted as the best dollar value on 
the market .. . convincing proof that superb instrumentation need 
not be expensive. 


Factory Sales and Service in U.S.A. 
(See Below) 


EKCO ELECTRONICS, LTD. 


In U.S. A., address all inquiries to: 
American Tradair Corporation, 34-01 30th Street, 
Long Island City 6, New York 
ELSEWHERE: Ekco Electronics Ltd., Southend, England 





PRODUCTS & MATERIALS 
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bearing is used.—Charmilles Engineer- 
ing Works Ltd., 109, rue de Lyon, 
Geneva, Switzerland 


~ Vacuum Valves 


New complete line of compact pneu- 
matically operated vacuum valves is 
of bellows-sealed construction and is 
available in 5¢-, 1l- and 114-in. port 
size (above). Each valve is tested on 
a Veeco mass-spectrometer leak detec- 
tor to ensure no leak at 1 X 107° 
em*/sec. Maximum conductance is 
achieved by an unusually long stroke, 
short-flow path through the valve and 
an unobstructed full-size port. In 
case of power failure, 110-v fail-safe 
solenoid pilot valve automatically 
keeps valve in preselected open or 
closed position. Air requirement. is 
75-90 psi—Veeco Vacuum Corp., 
86-P Denton Ave., New Hyde Park, 
Long Island, N. Y. 


Image Amplifier 


In Astracon light amplifier (above), 
image of an object is focused by lenses 
onto photosurface at input end of tube. 
It will permit viewing of tracks of high- 
energy cosmic rays and other particles. 
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Individual photons strike photosurface 
and ejected electrons are accelerated 
forward by 2,000 v. As each electron 
strikes a two-layer film that is a few 
millionths of an inch thick, four or five 
additional electrons are released. Elec- 
trons are multiplied ~3,000X_ by five 
After a final 20,000-v 
boost, electrons are aimed into a thin 
layer of fluorescent material at output 
end of tube and release 20,000 or more 
photons of visible light for each elec- 
tron initially produced.— Westinghouse 
Electric Corp., Box 2278, Pittsburgh 


30, Penna. 


such steps. 


isotope Container 


Isotope container (above) weighs 30 lb, 
has 1.5-in. thick walls and, according to 
ICC regulations, can carry up to 13.7 
me of Co®, 


top and bottom to allow stacking and 


It is flush along sides, 


permit insertion into larger containers. 
Handle locks top securely in place and 
padloc ked. Well is 


deep X 2-in. in diameter and series of 


can be 3.5-in. 


and adaptors is available. 
Container, first of a line, sells for < $50. 

Radiation Hazard Control Company, 
Fort Atkinson, Wisc. 


inserts 


Logarithmic C-R Meter 


Precision logarithmic counting-rate 
meter pulses from 10 to 
1 X 10° epm on the same scale with 


can count 


the same degree of accuracy. Signals 
with wide statistical deviation can be 
monitored without changing range. 
Counting rate is displayed on loga- 
rithmic meter, and signal output is 
meter and re- 
corder Instrument 
lock-type alarm device adjustable from 
100 to 1 X 10’? epm.—General Electric 
Apparatus Sales Division, Schenectady 


a Dy 2. 


available for remote 


connections. has 


Flexible, Teflon-Lined Hose 


Approximately 18,000 lengths of flexi- 
ble hose (above) have been in use for 
over 4 years to carry cooling water to 
face of a Hanford production 
reactor. Hose is 
extruded Teflon tube that 
with 


front 
made of 1-in.-dia 
is double- 
wire and 
Metal fit- 
tings are made of special alloy specified 
Electric Co., Hanford 
prime contractor. Teflon is swaged 
to these fittings by a special patented 


braided stainless-steel 


preformed into U shape. 


by General 


process. Pressure at the hose is 
600 psi. Hose has permitted reduc- 
tion of pumping costs and simplifica- 
tion of physical arrangement of tubing 
to improve manufacturing efficiencies. 
—Resistoflex Corp., Roseland, N. J. 


Oscilloscope Camera 


Four oscilloscope cameras are designed 
for use on all existing oscilloscopes 
(above). Polaroid film backs, a choice 
of three lenses and a wide variety of 
offered. 
viewing periscope, which mounts on 
the CRT bezel of the oscilloscope, 
contains a dichroic mirror that reflects 
80% of CRT 
camera and transmits 20% of light for 
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accessories are A binocular- 


light from screen to 





simultaneous binocular viewing with-| 
Either of two mounting 
the 


permits 


out parallax 
lates for variety of camera 
1:07 or! 
ybject-to-image ratio. Low-cost | 
lens for the Analab| 
‘ff-scope photograph- | 
Corp., 30 
edar Grove, N. J. 


LITERATURE AVAILABLE 


Radiochemical catalog. 20 pp.; Nu- | 
clear-Chicago Corp., 333 E. Howard 
Ave., Des Plaines, IIl. 


backs selection of 


1:09 « 
special idapte1 
Cameras permits « 


g Analab 


Canfield Road, ¢ 


Instrument 


| 
Gas chromatography equipment. 69 | 
pp.; Research Specialties Co., 200 


S. Garrard Blyd., Richmond, Calif. 


Versatile metallograph. 4 pp.; 
High-temperature microscopy. 7 pp.;| 
William J. Hacker & Co., Inc., P.O. | 
Box 646, West Caldwell, N. J. 
Non-destructive testing equipment. 
12 pp.; Philips Electronic Instru- 
Fulton Ave., Mount 


750 5 


N. Y. 


ments, 


Ve rnon 


Sealed-type master-slave manipula- 
tor. 8 pp.; Compagnie de Saint-| 
Gobain Services 19 | 


boulevard Georges Clemenceau, | 


Nucleaires, 


Courbevoie (Seine) France 


Pp.-; | 
Ave., 


supplies. 4 
38 Sanford 


Transistor power 
131 


N. Xi 


Kepco, Ine., 


Flushing 55 


Welded diaphragm bellows products. 
Inc., 700 


16 pp Breeze Corp. 


Liberty Ave., Union, N. J. 


One-piece tilting disk check valves. 
Catalog 14-Y, 12 pp.; Edward 
Valves, Inc., Subsidiary of Rockwell 
Manufacturing Co., East Chicago, 


I 


Rotary positive gas pumps. Bulletin 
XA-458, 6 pp.; Roots-Connersville 
Blower Div Dresser Industries, 
Inc., 900 W. Mount St., Conners- 

Ind 


Germanium & silicon transistors. | 
G-200, 16 pp.; General 
Corp., 91-27 138th PI., | 
N. Y. 


Brochure 
rransistot1 


J amaica 35 


12 channel oscillographic recorder. | 
2 pp.: Massa, of Cohu 


Electronics, 5 Fottler Rd., Hingham, 
Mass 


Division 
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600,000 
amperes 
Hale 
harness 


At the historic Geneva Atoms-For-Peace 
Conference, Los Alamos scientists un- 
veiled Scylla—a fusion device used to heat 
a plasma of ionized heavy hydrogen par- 
ticles millions of degrees by blasting it 
with a 600,000-ampere thunderbolt. 
Surrounding the heart of this thermonu- 
clear machine is a bank of low-inductance, 
energy-storage capacitors...each rated at 
100,000 volts, each capable of a 20,000 
megawatt peak surge. 


| This unique installation, like others of its 


type, is the result of long experience in 


FEDERAL 


capacitor specialization. If adherence to 
rigid specifications is a ‘must’ on your 
project—call us in to help with creative 
engineering. We invite inquiries for a 
single energy-storage capacitor or a com- 
plete energy-storage system including 
capacitors, racks, interconnecting lines, 
protective devices and charging power 
supply. 


For further technical information, write 
for Bulletin No. 191 to Cornell-Dubilier 
Electric Corporation, New Bedford, Mass. 


CORNELL-DUBILIER ELECTRONICS DIVISION 
PACIFIc ELECTRIC COMPANY 
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Reactor Operations 
and 
Analysis 


Atomics International is seeking qualified engineers and sci- 
entists interested in gaining reactor operations and analysis 
experience in connection with an operating experimental 
reactor. The following positions are immediately available 
at the Organic Moderated Reactor Experiment located at 
the National Reactor Test Site, Arco, Idaho. The OMRE is 
operated by Atomics International for the Atomic Energy 
Commission. 


Chemical Engineers 

Three to five years experience in chemical industry with 
emphasis on unit operations. Experience in reactor coolant 
chemistry desirable but not necessary. 

Reactor Operations 

BS in engineering with knowledge of chemical plant oper- 
ations. Reactor experience desirable but not necessary. 
Responsibilities will include direction of reactor operating 
crews. 

Reactor Maintenance 

BS in Mechanical Engineering or equivalent. Activities will 
include directing the maintenance and modification of the 
existing reactor facility and planning and coordination of 
future expansion. Knowledge of chemical plant operation 
and maintenance as well as experience with radiation desir- 
able but not required. 

Senior Physicists 

MS or PhD with three or more years experience in reactor 
physics calculations. 

Heat Transfer 

Engineer with several years experience in heat transfer and 
mechanical analysis. 

Radiochemist 

Experience in radiochemistry and use of radiation counting 
equipment. 

Reactor Shift Operators 

Three years experience in nuclear reactor operations. 
Responsibilities will include reactor control together with 
observation and recording of operating data. 


For specific details write: Mr. C. H. Newton, Personnel 
Office, Atomics International, 8900 DeSoto Avenue, 
Canoga Park, California. 


ATOMICS INTERNATIONAL 247; 


A DIVISION OF NORTH AMERICAN AVIATION, INC. 


NUCLEAR CAMPUS 


CAMPUS REACTORS. Completion 
of its 10-kw, pool reactor is expected by 
the Univ. of Maryland this summer or 


| early fall; builder is Allis-Chalmers. 
| . . . Univ. of Cornell expects installa- 


tion of its 10-kw Triga reactor by next 
spring or summer. 


NUCLEAR EDUCATION STUDY. A 


| given 


| for Engineering Education. 


one-year study of the education being 
nuclear engineers has _ been 
launched for AEC by the American 
Nuclear Society and American Society 
A joint 


| 30-man committee of the two societies, 


| industry and 


representing educational institutions, 


government research 


| groups will look at both the status and 
| future of nuclear-engineering educa- 


| tion. 


Chairman of the group—known 
as the Committee on Objective Criteria 


| for Nuclear Engineering Education—is 


Glenn Murphy of Iowa State Univ.; 
coordination of the group’s work and 
issuance of special and interim reports 
will be handled by D. D. Glower also of 


| Iowa State. 


| ing facilities. 


| mittee on 


ISOTOPE TRAINING GRANTS. 
Twenty-six equipment grants totaling 
$139,998 have been made to colleges 
and universities by AEC—for estab- 
lishing or expanding radioisotope train- 
The amounts ranged 
from $1,036 to the $14,000 given to 
Wheaton College, Illinois. 


EUROPEAN UNIVERSITY. The Com- 


Research of the Euro- 


| pean Parliament has given its unani- 


| mous support to Euratom’s proposal to 


open a European Univ. in the fall of 


| next year; Euratom plans to locate the 
school in Florence, Italy. 


| NEW RPI DEPARTMENT. 


A depart- 
ment devoted to graduate-level teach- 


ing and training in nuclear engineering 


| and science has been established at 


| Solid State div., 


Rensselaer Poly. It will administer 
RPI’s Nuclear Engineering and Science 
Center, including the school’s linear- 
accelerator and subcritical-reactor labo- 
ratories. 


COURSES. The International School 
of Physics is offering an international 
summer course on solid state physics, 
Sept. 5-24, at the Centro di Studi 
Nucleari di Ispra, Varese, Italy. Con- 
tact Douglas 8. Billington, director, 
Oak Ridge National 


| Laboratory, Oak Ridge, Tenn. 
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INDUSTRY NOTES 





@ Solid State Radiations, Inc., has been 
formed in Culver City, Calif., for de- 
solid-state ionization 
chambers and production of semicon- 
ductor devices (NU, Feb. ’60, 54). 
The firm was formed by several former 
scientists at Hughes Aircraft, with the 
Vegh & Co., 
Founders include 
P. Ziemba, E. L. 
J. Rice, Jr. Com- 
pany spokesmen said they expected to 
have one of the 
the world for this type of specialized 
at 9925 W. Washington 
Culver City. 


velopment of 


financial backing of de 
New York City. 
S. S. Friedland, F. 
Zimmerman and D. 


best-equipped labs in 


electronics 


Blvd., 


@ Picker X-Ray Corp. has been named 
U. S. agent for the nuclear-laboratory 
instruments manufactured by the 
U. K.’s' Associated Electrical Indus- 
tries, Ltd. ‘‘ We felt,’ said AEI, “that 
our marketing in this growing and sig- 
nificant business in the U. 8. could be 
improved materially by the extensive 
.. sales and service outlets of 
Pick I 
@Turco Products, Inc., Wilmington, 
Calif., is expanding its activities in de- 
adding to its staff 
a market 
and research chemists 
“nuclear task 
function of the task 
force is development of new products, 


contamination 
several nuclear consultants, 
research analyst 
and engineers, all in a 
force Primary 


processes and equipment. 


ACQUISITIONS. 
commercial manufacturer of cyclotrons 

MevA Corp., Santa Monica, Calif.— 
has been purchased by Hughes Aircraft 
Co. Hughes was marketing 
linear MevA was owned 
by two former Univ. of California physi- 
cists, Byron T. Wright and Kenneth R. 
MacKenzie, and expects to deliver its 
first cyclotron to College, 


The nation’s only 


already 
accelerators. 


Pomona 
Calif., in September (2-Mev protons or 
1-Mev deuterons). . . . American Ma- 
chine & Foundry Co. has acquired Cuno 
Engineering Corp., Meriden, Conn., 
makers of filters for the nuclear and 
other industries. 


COMPANY MOVES. 


tion-instrument 


Two radia- 
manufacturers in the 
Chicago area have relocated: Nuclear 
Data, Inc., from Wheaton, IIl., to 911 
Regent St., Madison, Wis.; and Radi- 
ation Instrument Development Labora- 
tory management 


only), from Chicago to 61 E. North 
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engineering and 


Ave., Northlake, Ill. RIDL’s manu- 
facturing, purchasing and test oper- 
ations remain in the Chicago plant. 


FINANCIAL. Record sales and earn- 
ings were reported by Anton-Imco Elec- 
tronics Corp. for the quarter ended 
March 31. Earnings were $124,090 
(50 cents/share) on sales of $2,505,285, 
up sharply from $5,692 and $1,565,357, 
respectively, in the ’59 quarter. Presi- 
dent Nicholas Anton said the better 
showing was due to expanded use of 
A-I products in the defense and space 
programs, plus ‘‘concentration on 
greater profitability items” . Var- 
ian Associates and American Elec- 
tronics have embarked on fund-raising 
programs—$5-—6-million each—through | 
the sale of additional stock. Varian 
said $2.5-million was needed for a con- 
struction program, $2-million for pro- 
duction-equipment for high power klys- 
tron tubes, $1.7-million for other 
equipment and $1.3-million to retire 
debt and provide working capital. 
AE said it would use $200,000 for real 
estate, the rest for working capital and 
debt retirement. 


NEW BUSINESS. 
tracts have been awarded for two major 
facilities at Oak Ridge National Labo- 
ratory: 1. Kaminer Construction Corp., 
Chamblee, Ga., will build the lab’s new 
Radioisotope Development Laboratory 
under a contract for $992,000 (about 
a year to completion); the facility will 
lay emphasis on production of isotopes 
now unavailable and reduction of iso- 
tope-production costs; Foster & 
Creighton Co., Nashville, Tenn., will 
build housing for a tandem Van de 
Graaf positive-ion accelerator under a 
contract for $667,000 (11-month com- 
pletion). . AEC has also given 
Fred E. Hicks Construction. Co., 
Knoxville, a $249,610 contract for con- 
struction of facilities at the Univ. of 
Tennessee—AEC Agricultural Re- 
search Laboratory; the facilities will be 
used primarily for the study of radi- 
ation effects on large animals and rela- 


Construction con- 


NEW 
Scintillation 
Detectors 


@ NE810 Alpha Particle Detector, 
Consisting of .0005” sheet of 
plastic phosphor NE102 on a 
clear plastic base. This detector 
provides fast decay time, low 
gamma sensitivity and modest 
resolution. 


NE812 Hollow Plastic Scintil- 
lator for Beta Ray Spectroscopy 
and for multiple tracer studies 
of Beta emitters. 


NE813 Gamma Flow Detector 
for continuous monitoring of 
gamma effluents in aqueous or 
organic solutions. 


NE219 Liquid Scintillator for 
Beta counting of filter paper 
chromatograms and direct count- 
ing on filter paper. 


Other products include Plastic 
Phosphor NE102 fast and slow 
neutron detectors, and loaded 


liquid scintillators. 








NUCLEAR 
ENTERPRISES LTD. 


hw 
WINNIPES 9, 9. Nal 
Ricieas a 


CB) 
_. Sighthill, Edieburgh 1 11, Seotland 








tion to humans (treatment of cancer | 
and allied diseases). . Beckman | 
Instruments has been given a $50,000 | 
contract to build a special cell-fraction- | 
ing, ultracentrifuge for 
virology and radiation effects at ORNL; 
the instrument is being developed under 
a long-range project for separating cells | 
into their various basic constituents | 
and isolating viruses from tissues. 


research in 


SOUTHERN LEAD 
ROLLING COMPANY 


Call or Write 





NEWSMAKERS 





AEC management changes: David Low, 
former chief of the Materials Inspection 
branch, Inspection div., has been 
named director of the new Division of 
Compliance; Morse Salisbury, from 
director of Information Services to 
assistant to General Manager Alvin M. 
Luedecke; Duncan C. Clark and Melvin 
S. Day, from assistants to Salisbury to 
directors, respectively, of the Office of 
Public Information and the Office of 
Technical Information; John L. Wilson, 
from deputy manager, Lockland Air- 
craft Reactors Operations Office, to 
manager, succeeding Harry H. Gorman, 
who joins the director’s staff, Marshall 
Space Flight Center, Huntsville, Ala.; 
Raymond R. Garnett, from AEC’s Con- 
struction div. to director of Lockland’s 
Facilities div. (Idaho); and James F. 
Smith, Jr., from director of the Reactor 
div., New York Operations Office, to 
assistant manager for technical oper- 
ations, under Joseph C. Clarke. 


Bruce S. Old has been named senior 
vice-president, Arthur D. Little, Inc.; 
he will continue in 
charge of ADL’s 
metallurgy and ra- 
diochemistry work. 
Old is a member of 
the task force on 
government 
petition of the Na- 
tional Assn. of 
Manufacturers and 
of the 
new Northeastern section, American 
Nuclear Society. Other ANS officers: 
Irving A. Berstein (Controls for Radi- 
ation), vice-chairman; John J. O'Con- 
nor (Ordnance Materials Research 
Office), secretary; Craig W. Angell 
(Artisan Metal Products), treasurer; 
and Charles T. Chave (Stone & Web- 
ster) and Elias P. Gyftopoulos (MIT), 
members-at-large. 


com- 


chairman 


Atomics International has named Ray- 
mond J. Beeley deputy director of the 
Sodium Reactors dept. James E. 
Mahimeister succeeds him as group 
leader, Sodium Reactor Engineering. 


Tracerlab, spurred by ‘‘expanding de- 
velopments in the utilization of radio- 
isotopes by industry and the military,” 
has added several new members to its 
Contract Administration 
dept.; the firm also appointed Homer P. 
Davis to handle all liaison between this 
department and civilian and military 


122 


Sales and 


agencies in Washington, D.C. Mean- 
while, at Tracerlab’s Richmond, Calif., 
facility, Seymour Tarras has been ap- 
pointed head, Radiochemical Applica- 
Tarras had been with 


tions group. 


Nuclear Corp. of America. 


In three top-level management changes 
at Mallinckrodt Nuclear Corp., subsidi- 
ary of Mallinckrodt 
Chemical Works: 
Charles D. Harring- 
ton has been pro- 
moted from 
ager, Uranium div., 
Weldon Springs, to 


man- 


vice-president of 
Mallinckrodt Nu- 
clear; Frank Zeitlin 


Harrington 
9 has been 


named 
general manager after a year as more or 
acting general and 
Stanley H. Anonsen has been promoted 


to Harrington’s former post in the Ura- 


less manager; 


nium div. Harrington will exercise 
general supervision over this division’s 


activities. 


MSA Research Corp., Callery, Pa., has 
appointed J. Wilson Mausteller associ- 
ate director of research. He is a physi- 


cal chemist who has been active in 


nuclear reactor hazard work. 


Frederick Brandt, founder of Electronic 
Products Co., Mt. Vernon, N. Y., has 
been elected a vice- 
president of Vic- 
toreen Instrument 
Co., following the 
recent acquisition 
of his firm by Vic- 
toreen. He will 
continue to run EP 
as a Victoreen divi- 
The 


manufactures radi- 


Brandt 


sion. firm 
ation instrumentation for nuclear sub- 
marines and probes used in locating 
radioisotopes in medical procedures. 


Edward Teller has resigned his director- 
ship, Lawrence Radiation Laboratory, 
Livermore, to devote full time to re- 
search and teaching; he has been ap- 
pointed professor-at-large, Univ. of 
California, with headquarters at 


Berkeley. He 


ate director of Lawrence. 


will continue as associ- 
He has been 
Harold Brown, former 


deputy director 


succeeded by 


The U. K.’s Gerald B. Cook has been 


named chief chemist of the Interna- 
tional Atomic Energy Agency; he had 
been head of the Chemistry group of 
the Isotope Research div., Harwell. 


Glenn Greathouse, head of the Nuclear 
Engineering dept., Univ. of Florida, 
has resigned because of “unsatisfactory 
administration and the salary paid for 
the great amount of time and energy 
required to accomplish the department 
goal for graduate training and research 
in nuclear engineering.”’ He will de- 
vote his time to his own firm, Nuclear 
Reactor Chemicals, Inc., Orlando. 

William J. Buffo has left the sales- 
managership at Radiation Instrument 
Development Laboratory to join Nu- 
clear Data, Inc., as general manager. 


New president of the American Nuclear 
Society is Miles C. Leverett, manager 
of the General Elec- 
tric development 
laboratories for the 
Aircraft Nuclear 
Program. Leverett 
Alvin M. 
Weinberg, director 
of Oak Ridge Na- 
tional 


succeeds 


Laboratory. 
Other ANS  elec- 
tions: Paul C. 
Aebersold, chief of AEC’s Office of 
elected 


Leverett 


Isotope Development, was 
chairman of the new Isotopes and 
Radiation div.; and Richard Ehrlich of 
Knolls Atomic Power Laboratory, was 
elected chairman of the new Reactor 
Mathematics and Computations div. 
Other officers of the 
Radiation Leonard Reiffel, 
(Armour Research Foundation), vice- 
chairman; J. A. D. Cooper (North- 
western Univ.), secretary; and Ralph L. 
Ely, Jr. (Research Triangle Institute), 
treasurer. Other officers of the mathe- 
matics group: Stuart P. Stone (Law- 
Radiation Laboratory), vice- 
chairman; Richard R. Haefner (du 
Pont), secretary; and Carroll B. Mills 
(Los Alamos), treasurer. 


Isotopes and 
div. are: 


rence 


Three Curtiss-Wright officials have 
taken George Anderson, 
who directed C-W’s design responsi- 
bility for the Brookhaven High Flux 
Research Reactor, has shifted to 
Combustion Engineering, which has 
succeeded C-W as 
Bernard J. Mezger, who held several 
administrative 


new jobs: 


reactor designer; 


and sales 
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important 








posts at C-W, has joined RCA Service | 
Co., as Southeast Region marketing | 
manager for government services; and | 
Clarence B. Lawrence, formerly con- | 
tract administrator and staff attorney | 
for C-W in Utica, Mich., has joined | 
Atomic Power Development Associates | 


as contract administrator. 


Karl M. Mayer, formerly of ACF In- 
dustries, has joined Lockheed’s Georgia 


div. as senior economist. 





Nuclear Science and Engineering Corp. 
has added Josef Roesmer and Albert 
Cedel to the staff of the Chemistry | @ 
dept. 


Paul Genachte, vice-president of Chase 
Manhattan Bank, has been elected to 
the board of Radiation 
Dynamics Inc. 


directors, 


Superintendent of the Southeast’s first 
17-Mw(e) | 
Carolinas Virginia heavy-water reactor | 

will be Walter E. Selkinghouse of 


Carolina Power & Light Co. 


nuclear power plant—the 


Paul C. Tompkins has left the U. S. 
Naval Defense Labora- 
tory, where he was scientific director, 
to join the U. 8. Public Health Service 


fadiologi al 


as chief of research, 


Health div 


Radiological | 


A man whose career in nuclear energy 
goes back to 1941 and the Manhattan 
Project (excluding 
several war years 
with the Chemical 
Warfare Service), 
Paul W. McDaniel, | 
has been appointed 
director of AEC’s 
Division of Re-| 
search; he had been | 
McDaniel acting director 
ind deputy 
McDaniel also has had"a major role in | 
| When you need a window for a hot 
cell, just tell us the wall thickness and 
Five scientists have been chosen to | energy level you’re working with and 
the viewing area you want. 
| Leave the rest to us. We provide 
all calculations, designs, and materials, 
and deliver a packaged window that 
is ready to install. 


the 55 and ’58 Geneva Conferences. 


receive the Ernest Orlando Lawrence 
Memorial Award for 1960. Scheduled 
to share the award at AEC ceremonies 
June 27 were: Harvey Brooks and 
Norman F. Ramsey, Jr., of Harvard 
Univ John S. Foster and Isadore 
Perlman of Lawrence Radiation Labo- | wr. 
ratory; and Alvin M. Weinberg of | ¢ 


Oak Ridge National Laboratory. 
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lirewtae sine ros0' We'll fill it with the right window 


We make the complete window... 
from the glass up. We’ve put more 
than 300 of these windows into serv- 
ice, ranging from peepholes to nine- 
tonners. 

For particulars on the glasses and 
designs we use, write for a copy of 
PE-51, 16 Crystal St., Corning, N. Y. 


CORNING GLASS WORKS 


CORNING MEANS RESEARCH IN GLASS 





NUCLEAR CALENDAR 


Aug. 11—AEC information meeting on 
small reactors, Oak Ridge. Contact 
R. A. Charpie, ORNL, Box 4, Oak 
Ridge. 


Aug. 15-17—International Conference on 
Organic Scintillation Detectors, spon- 
sored by Univ. of New Mexico, on its 
campus, Albuquerque, N.M. Funda- 
mental review, new advances and 
theories, and applications in natural 
sciences, Medicine and industry. 
Several commercial exhibits of in- 
struments used in the field will be 
available; 17th, tour of Los Alamos 
Scientific Lab. Contact Guido H. 
Daub, Chemistry dept., Univ. of New 
Mexico, Albuquerque. 


Aug. 17-19—University Reactor Con- 
ference, Gatlinburg, Tenn. Spon- 
sored by Oak Ridge National Labora- 
tory, Oak Ridge Institute of Nuclear 
Studies, AEC and Oak Ridge Sec- 
tion, American Nuclear Society. 
Contact W. W. Grigorieff, ORINS, 


be radiation safe." °"""""™ 


Aug. 22-26—Symposium on Thermo- 
nuclear Plasma Physics, Gatlinburg, 





with the warning instrument H-1325. 
A warning instrument reacting to dose pet ~ ; 
rates for personal protection against radia-| Tenn. Sponsored by Oak Ridge 
tion injuries. Sounds a loud acoustical National Laboratory, Oak Ridge 
warning when dose rate is exceeded. Institute of Nuclear Studies and AEC. 
Adjustable for warning between 2.5 and| Contact D. D. Cowen, P. O. Box X, 
50 ur/h. Size4x3x1%”,weight 8ounces.| Oak Ridge. 


Radiation Recording Instruments Co. | 


p.o.b. 1056 Station B, Montreal 2, Canada | Avg- 25-Sept. 1—10th Annual Inter- 
? _ national Conference on High Energy 


Physics, Rochester, N. Y. (Univ. of 
Rochester). Contact Charles Cole, 
Office of Public Information, Univ. of 
Rochester, River Campus, Rochester 
20, N. Y. 


PROFESSIONAL 
SERVICES 


Wits. att Z 


=< 
a 
= 


Aug. 29-Sept. 2—Symposium on Initial 
Effects of Radiation on Living Cells, 
Moscow. Sponsored by USSR Acad- 

ASTRA, Inc. 


See ¥ A ic E. Probl emy of Sciences and United Nations 
or rour Atomic Energy Problems ie : =e se ‘ F 
Nuclear Analyses. Reactor Specifications and Educational, S “ ntific and ( ultural 
Designs, Radiation Shielding Design and Anal- Organization. Contact N. M. Sis- 
ysis. Criticality Hazards Studies, Thermody- akis le ‘ientific secretary 
namics and Heat Transfer Analysis, Facilities sakian, deputy scientific secretary, 
Planning, Health Physics. USSR Academy of Sciences, Moscow, 
P. O. Box 226 Raleigh, North Carolina USSR 

VAnce 8-4386 CABLE: ‘ASTRA’ = 











Sept. 5-8—International Symposium on 
NUCLEAR TECHNOLOGY Legal and Administrative Problems 
CORPORATION of Protection in the Field of Peaceful 


Ashlee initials Clb th ametlain tn: Oe ee Applications of Atomic Energy, Brus- 
tire nuclear industry. All phases of nuclear || sels. Contact Euratom, Rue Belliard 
analysis, design and evaluation. - or 
President, Joseph De Felice 51-53, Brussels 


Irvington, New York LYric 1-8820 
Sept. 13-16—Fifth Instruments and 
Measurements Conference, Stockholm, 
Sweden (Royal Institute of Technology). 
The Consulting Engineer Includes section on nuclear instru- 
pala e. mentation. Contact Helge von Koch, 
By reason of Special training, toyal Inst. of Tech., Stockholm, 70. 
wide experience and tested ability, 








, ‘ . , ~ower Svsten + once 
coupled with professional integrity, Sept. 27-30—Power Systems onference, 
Reinet te Bs aliens aletack 7 American Rocket Society, Santa 
as on fw Snare eh Monica, Cal. (Miramar). Full day 
gineering and economic advice that on systems for auxiliary nuclear 
rises above local limitations and en- power (SNAP). Sponsored by Air 
compasses the availability of all Arey Army, Navy, a _ 
OE te S C act N 7. Snyder, 
modern developments in the fields NASA. Contact Nathan W. Snyder 
J } ee ie shag Institute for Defense Analysis (ARDA 
where he practices as an expert. div.), Universal Bldg., Washington, 
ime 
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Oct. 3-5—Seventh Annual National 
Meeting of Professional Group on 
Nuclear Science, Institute of Radio 
Engineers. Featuring nuclear ap- 
plications of solid-state detectors and 
low-noise amplifiers. Fifty-word ab- 
stracts are due Aug. 1. Contact 
H. E. Banta, Oak Ridge National 
Laboratory, P. O. Box X, Oak Ridge, 
Tenn. 





International Atomic Energy Agency 

Oct. 11-14—Symposium on _ Inelastic 
Scattering of Neutrons in Solids and 
Liquids, Vienna. 

Oct. 17-22—Symposium on Diagnosis 
and Treatment of Acute Radiation 
Injury, Geneva. 

Oct. 24-27—Symposium on Chemical 
Effects of Nuclear Transformation, 
Prague, Czech. 

Nov. 14-18—Symposium on Nuclear 
Ship Propulsion (special reference to 
safety), Italy. 

Dec. 5-9—Symposium on Pest Control 
by Radiation, India. On all IAEA 
meetings, contact John Burt, IAEA, 
United Nations, N. Y. 





Oct. 12-14—Combined meeting: Fourth 
Conference on Analytical Chemistry 
in Nuclear Reactor Technology, and 
First Conference on Nuclear Reactor 
Chemistry, sponsored by Oak Ridge 
National Laboratory, to be held con- 
currently, Gatlinburg, Tenn. Ana- 
lytical Chemistry meeting focus on 
instrumentation and methods for de- 
termination of minor and trace com- 
ponents in fuels, coolants, moderators; 
Chemistry meeting will stress chemi- 
cal behavior of reactor materials 
rather than engineering applications. 
Contact: (for former) C. D. Susano, 
(for latter) W. R. Grimes, ORNL, 
Box Y, Oak Ridge, Tenn. 


Dec. 5-8—Annual Meeting of American 
Rocket Society, Washington, D. C. 
(Shoreham). Unclassified session on 
nuclear rockets; abstracts due Aug. 15. 
Contact Frank Rom, Aeronautics and 
Space Administration, Lewis Re- 
search Center, 21000 Brookpark Rd., 
Cleveland, Ohio. 


Dec. 11-16—American Nuclear Society- 
Atomic Industrial Forum joint meet- 
ing, San Francisco (Mark Hopkins and 
Fairmont). 12-15th Atomfair West, 
first West Coast nuclear industrial 
exposition (Masonic Memorial Build- 
ing). Contact W. Kelly Woods, Vai- 
lecitos Atomic Laboratory, Pleasanton, 
Calif., for ANS program; Edwin Wig- 
gin, AIF, 3 E. 54 8t., N. Y. 22, for 
Forum program; Dan Scherer, AIF, 
for Atomfair. 11-14—8th Hot Labo- 
ratory and Equipment Conference. 
Paper summaries due May 16. Con- 
tact James R. Lilienthal, Los Alamos 
Scientific Laboratory, P. O. Box 1663, 
Los Alamos, N. M. 
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" NATIONAL? 
COVERAGE VA Positions Vacant 


\ Positions Wanted 
Part Time Work 


DISPLAYED 


The advertising rate is $25.33 per inch for all 
advertising appearing on other than a con- 
tract basis sontract rates quoted on re- 
quest 

An advertising inch is measured }” vertically 
on a column—2 columns—30 inches to a 
page 

Subject to Agency Commission 


Send NEW ADS or Inquiries to Classified Adv. Div. of NUCLEONICS, P. O. Box 12, N. Y. 36, N. Y. 


EMPLOYMENT OPPORTUNITIES 
The advertisements in this section include all emplo 
—executive, management, technical, selling, office, skilled, manual, etc. 
Civil Service Opportunities 

Selling Opportunities Wanted 
Selling Opportunities Offered 


———RATES—_ 


ent opportunities 


Employment Agencies 
Employment Services 
Labor Bureaus 


UNDISPLAYED 

$2.10 per line, minimum 3 lines. To figure 
payment count 5 average words as a line. 

Position Wanted ads are $+ of above rate. 

Box Numbers—counts as | line. 

Discount of 10% if full payment is made in 
advance for 4 consecutive insertions. 

Not subject to Agency Commission. 








ENGINEERS—TECHNICIANS 


In connection with our expanding activities in nuclear 
power, we have opportunities for qualified personnel in 


the following fields: 
REACTOR SYSTEMS 


—Engineers with experience in devel- 
opment and analysis of nuclear plant 
systems and components. 


WATER CHEMISTRY 


—Chemist with specialized experience 
in water quality control for reactor 
operations. 


NUCLEAR PLANT 
TESTING 


—Engineers or physicists with sub- 
stantial test and start-up experience; 
marine application desirable. 


REACTOR PHYSICS 


—Physicist experienced in application 
of nuclear physics to design and test 
of nuclear reactors. 


HEALTH PHYSICS 


—Monitors, Senior & Junior. 


NUCLEAR 
INSTRUMENTATION 


—Extensive experience on reactor 
control and radiation monitoring & 
instrumentation, including installation 
and maintenance. College degree not 
essential. 


REACTOR OPERATIONS 


—Experienced operators, 


preferably 


with experience in pressurized water 
plants, criticality and start-up opera- 


tions; 


marine experience desirable, 


college degree not essential. 


NEW YORK SHIPBUILDING CORPORATION 
CAMDEN 1, NEW JERSEY 








‘Put Yourself in the Other 
Fellow’s Place”’ 


TO EMPLOYERS 
TO EMPLOYEES 


Letters written offering 
applying for are written with the 
hope of satisfying a current need. An 
answer, regardless of whether it is favorable 
or not, is usually expected 

MR. EMPLOYER, won’t you remove the 
mystery about the status of an employee's 
application by acknowledging all applicants 
and not just the promising candidates. 
MR. EMPLOYEE you, too, can help by 
acknowledging applications and job offers. 
This would encourage more companies to 
answer position wanted ads in this section. 
We make this suggestion in a spirit of help- 
ful cooperation between employers and em- 
ployees 

This section will be the more useful to all 
esult of this consideration. 


Classified Advertising Division 


McGRAW-HILL PUBLISHING CO., INC. 


330 West 42nd Si., New York 36, N. Y. 











Employment or 
same 


as a 
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ADDRESS BOX NO. REPLIES TO: Box N 
Classified Adv. Div. of this publication 
Send to office nearest you. 
NEW YORK 63: P. O. BOX 12 
CHICAGO 11: 520 N. Michigan Ave. 
SAN FRANCISCO 4: 68 Post St. 


SELLING OPPORTUNITY AVAILABLE 


Electronics manufacturer in nuclear field needs 
Eastern Canada Representative. Trained elec- 
tronics specialist must know computers or multi- 
channel analyzers (kicksorters). Write to RW- 
4828, Nucleonics. 





POSITIONS WANTED 


Chem. 





Nuclear Metallurgist: Dr. Eng. 28, 


married, 3 years experience in zirconium, uranium | 


alloys and uranium dioxide researches, with 
several publications, not U.S. citizen, desires a 
rmanent ition either in Europe or in the 
J.S. PW-4735, Nucleonics, 


Mechanical Engineer, P.E. With Chemical back- 
ground, for plant and system design with follow 
through on start-up, testing and trouble shooting. 
Duties and Responsibilities of engineer grade VI 
professional (NSPE). Heavy Power Plant and 
some Nuclear Secondary i |-47 
Nucleonics. 


experience. PW-4709, 














- efits include profit sharing, edu- 








J tee gg 


: a 
} is 
M | \ v th 
: a 
oe " 


T. I's liberal employee ben- 


cational assistance, and reloca- 


_ tion expenses. Starting salaries 


are excellent. 

Contact Mr. Andrew Staley, 
Dept. 23, for further details and 
the chance to hear about this 
growth record firsthand. 


° 


TEXAS INSTRUMENTS. 
INCORPORATED 


METALS & CONTROLS DIVISION 
ATTLEBORO, MASSACHUSETTS. U.8.A 
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EMPLOYMENT OPPORTUNITIES 








NUCLEAR SUPERHEAT 


One of the advanced concepts that 


GENERAL NUCLEAR ENGINEERING CORPORATION 


is developing for construction in the immediate future 


Graduate Engineers and Physicists with reactor design experience 
will find stimulating and rewarding opportunities in these boiling- 
superheating reactors, in gas-cooled reactors, and in other practical 
advanced concepts at General Nuclear. 


Positions are also open for new graduates. Work in small design 
and development groups of broad scope gives maximum opportunity 





for advancement and for professional development. 


Send resumes to: L. C. Furney 


GENERAL NUCLEAR ENGINEERING CORPORATION 


Dunedin, Florida 








REACTOR METALLURGISTS 
Sought by Battelle Memorial Institute 


To men qualified by graduate degree or working experience, we 
offer both ideal facilities and excellent living and working conditions. 
Battelle’s Nuclear Research Center is part of America’s leading re- 
search organization, located in a cultured, metropolitan city. 

“Across-the-board” nuclear research at Battelle gives you the ep- 
portunity to broaden your background—to work in areas of greatest 
interest to you. Outstanding benefits program, exclusive sponsored re- 
search, pleasant team relationships add up to a most desirable position 
if you qualify. 

Areas we wish to cover: melting and casting reactor materials, fuel 
element fabrication, physical metallurgy, alloy development, and ir- 
radiation damage. 

Write for full information and for the answers to any specific ques- 
tions to: 


L. G. Hill 
Reactor Metallurgy 
Battelle Memorial Institute 


505 King Avenue Columbus 1, Ohio 














SYSTEMS ANALYSIS 
Salary $16,000-+- 
Section Head—Broad experience in missile en- 
gineering. Be able to determine total systems 
specifications, customer needs and familiar with 
missile hardware. Vacationland area and com- 
pany client assumes all employment expense. 


ESQUIRE PERSONNEL 
202 S. State St. Chicago 4, Ill. 


BENDIX DOSIMETER 


DEALERSHIPS AVAILABLE 
Many U.S. Territories Still Open 
WRITE FOR DETAILS 
ATOMIC ACCESSORIES INC. 


811 W. Merrick Rd. Valley Stream, N.Y. 
CUrtis 5-9300 














MECHANICAL ENGINEER (2) 
CHEMICAL ENGINEER 
MATHEMATICIAN (COMPUTER 
APPLICATIONS) 
REACTOR PHYSICIST 
NUCLEAR PLANT PROJECT OFFICER 
(Salaries to $10,130) 
Employment with Army Reactors, 
Div. of Reactor Development, Hqs., 
U. S. Atomic Energy Commission. 
Except for the Nuclear Plant Proj- 
ect Officer, these positions involve 
broad responsibilities as technical 
experts and advisers on R&D ac- 
tivities, design, construction, opera- 
tion, and maintenance for about 12 
nuclear reactor power plants of 
various types. Nuclear Plant Proj- 
ect Officer will direct nuclear re- 
actor project for testing entire 
power reactor cores. Selected ap- 
plicants must meet U. S. Civil 
Service requirements, i.e., for Nu- 
clear Plant Project Officer as a 
General Engineer, GS-13, and for 
the other positions at grade GS-13. 
Five years experience, including 3 
years specialized experience, and 
advanced degrees are desired. Re- 
location expenses paid. Send re- 

sume or Form 57 to: 


Army Nuclear Power Program 


Division of Reactor Development U. S. Atomic 
ergy Commission 


WASHINGTON 25, D. C. 
ATTN: Mr. Ricwarp G. OgxHt 
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EMPLOYMENT OPPORTUNITIES 








| 
| 
| 
| 


ASTRA, Inc. 


4 North Carolina Research Tri- 
angle organization that provides a ° 
comprehensive, integrated consult- Lomic 


ing service for the development of 
peaceful application of atomic 


energy, both within the United 


States and abroad. Our services / , 
, ‘ ~ COMMERCIAL ©) 


include: Reactor Specification and OWwWer s ATOMIC PROGRESS 


Design, Shielding Design, Critical- 
ity Hazards Studies, Health Phys- 
ics, Physics Engineering, Economic 
Surveys, Thermodynamics, Heat |} e 
Transfer, and Medical Engineering. || ul ment 
VACANCIES exist from time to dg 18) 

time for qualified nuclear engi- 
neers. Life is some times hard but 
never dull at ASTRA. Try us. + 


om | mwepartment 


Raleigh, N. C. 


At General Electric’s Atomic Power Equipment 
Department headquarters in San Jose, California, top 
nuclear scientists and engineers are marking the depart- 
ment’s fifth year of progress in the development and manu- 


hiss 5 ticdecitieih mal ; facture of nuclear reactors and components for peace-time 
egisterec rotessiona sngineer to : : 

supervise regulation compliance activ- application. 

ities in state health department radia- Further development of the boiling water and 
tion protection program. Must have h d d ° ° 
considerable experience in radiological other advanced reactor concepts offers stimulating career 
health. Additional experience in re- opportunities for qualified individuals in the following areas: 
lated fields desirable. Civil Service. 


Starting salary $7920. Address in- PHYSICS AND NUCLEAR ENGINEERING 


quiries to H. Gardner Bourne, Jr., Fie 
Ohio Department of Health, Room Excellent opportunities for advanced degree and 


in ee experienced personnel in reactor core analysis, methods de- 
velopment in reactor physics, and advanced reactor engi- 
neering. 








Engineer 
Radiological Health 








METALLURGY AND CERAMICS 
WANTED Datta s endhaietinesil es 

pplied research and engineering positions in the 

RADIOCHEMIST development, processing, and production of reactor fuels, 

and materials engineering. 

Der ; ny ag Positions in Theoretical and Experimental Phy- 

epartment associated with < sics, Nuclear Materials research, and Reactor Operations 

megawatt Reactor for, research available at nearby Vallecitos Atomic Laboratory. 


for organization Radiochemistry 


and limited production of radio- 


active isotopes. Research ex- Sc UNIVERSITY OF | vaLLECcITOS 
; e Bi be ALI ORSNA aTomic | 
perience and previous publica- For information please “ Lasonarony | 
tions indispensable. Knowledge write, giving experience 
= ‘ . i details to K. L. Nash, 
of Spanish desirable or willing- Department R, Box 254 
ness to learn the language. San Jose, California ra Rint 
atomic POowER © 
EQUIPMENT DEPT 


Send detailed Curriculum Vitae HEADQUARTERS | 
and reprints to: Dr. Marcel TA CRUZ 


Roche, Director, Instituto Vene- MONTEREY 


CARMEL 

zolano de Investigaciones Cienti- 

ficas, Apartado 1827, Caracas, G £ N E i A L ra LE eT 4 | C 
Venezuela. 


SAN JOSE, CALIFORNIA 
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EMPLOYMENT OPPORTUNITIES 


INTERNUCLEAR COMPANY... . 


OFFERS YOU © © © © © « « Participation in a small aggressive company with world- 
wide engineering design and consulting activity in the 


field of nuclear technology. 


IN PARTICULAR. . . . . ExcELLENT saLarics 


THREE WEEKS VACATION 
SICK LEAVE BENEFITS 
MAJOR MEDICAL INSURANCE 
HEALTH AND ACCIDENT INSURANCE 
LIFE INSURANCE 
TRAVEL INSURANCE 
EDUCATIONAL BENEFITS 
RETIREMENT PLAN 


AN OPPORTUNITY . . . For NucLEAR ENGINEERS 
REACTOR PHYSICISTS 
REACTOR INSTRUMENTATION ENGINEERS 


call or write O. J. Elgert, Technical Director 





intrernuciear 
7 N. Brentwood Blvd. 


G ©) Cin) [2 Ce] S77 Clayton 5, Missouri 


for 


CALIFORNIA POSITIONS 
in the 


WATER RESOURCES PROGRAM NUCLEAR 
FIELD... 


SENIOR NUCLEAR - CHEMICAL ENGINEER ™ WRITE US FIRST! 
=. Use Our Application 


No Resume Required 














has a key position for a 


to take charge of chemical engineering aspects of saline water 

conversion processes and applications of nuclear energy to water f Our national coverage and 

development projects. ; technical experience in 
© the nuclear field offers 


Candidates must have a degree in chemical or nuclear engineer- fF the maximum opportunity 
; to achieve your goals. 


ing and five years professional chemical engineering experience, Confidentic!l Handlin 
two of which must be in the field of nuclear energy applications. fp Employer Pays im 


Salary — $9,852 to $11,976 ( Write: Arthur L. Krasnow 
ATOMIC PERSONNEL, INC. 


.* Phila. 2, Pa. « PE 5-4908 
STATE PERSONNEL BOARD, 801 CAPITOL AVENUE, SACRAMENTO, CALIF. Pag hecrnedh yblnany Aa th dae se 


Send resume to: C. S . Warner, Dept. N 











U. S. ATOMIC ENERGY COMMISSION DEPARTMENT OF COMMERCE 
needs NATIONAL BUREAU OF 


PATENT ENGINEERS OR ATTORNEYS STANDARDS 


s+ Reactor Supervisor. To direct the operation 
with and maintenance of a 10-20 Megawatts heavy 
: en a . 2 water research reactor facility for the Na- 
education or experie nee in . tional Bureau of Standards. Degree or pro- 
electrical engineering, electronics fessional engineering license required. Fa- 
‘ . miliarity with operations and a background 
or physics in 7 nical or Chemical Engineering de- 
. er . sirable. 
Salary commensurate with qualifications. Career Civil Service position—$10,635 or 
Submit detailed resumes to: $12,210, eemeaer = experience. 
Apply to: 
U. S. Atomic Energy Commission 
’ Dr. C. O. Muelhause 
Chicago Operations Office _ Chief, Reactor Division 
9800 South Cass Avenue National Bureau of Standards 
Argonne, Illinois Washington 25, D. C. 

















August, 1960 - NUCLEONICS 








AMERICA 
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FEB 24 
APRIL 


26 


rs 


EMPLOYMENT OPPORTUNITIES 


Nuclear Engineers and Scientists 


When the Navy’s first nuclear radar picket 
submarine surfaced after its pioneering under- 
) water trip around the world, its engineroom 
' log showed 41,500 trouble-free miles traversed 
in 84 days. 
For KAPL engineers and scientists who 
designed and developed Triton’s unique twin 
reactor propulsion system, this invisible voy- 
age was a new triumph in nuclear engineering. 
The world’s largest submarine is powered by 
a KAPL pressurized water cooled system 
fueled by enriched uranium. It features com- 
pact reactor cores and low weight-per-shaft 
horsepower. 


ATOMIC POWER LABORATORY 


Explorations currently underway at KAPL are 
aimed at achieving a new regime of simplifica- 
tion in reactor technology. Qualified Nuclear 
Engineers and Physicists are invited to inquire 
about current openings. 

Appropriate scientific or engineering degree 
and U.S. citizenship required. 


Address: Mr. A. J. Scipione, Dept. 48-M H 





SENIOR REACTOR 
ENGINEER-INSPECTOR 
(Salary to $11,595) 


Will (1) be Senior Department of 
Army (Corps of Engineers) civilian 
reactor inspector and (2) work 
with Army Reactors (AEC) on 
translation of Army field plant 
operating experience into improved 
AEC prototype projects. Position 
located at Hqs., AEC and office, 
Chief of Engineers. Applicant 
selected to fill this vacancy must 
meet U. S. Civil Service require- 
ments applicable to the position of 
General Engineer, grade GS-14. 
Three years experience in reactor 
operation, 3 years experience in re- 
actor design and an advanced de- 
gree are desired. Emphasis on re- 
sponsible operating experience, 
preferably power reactors. Reloca- 
tion expenses paid. Send resume or 


Form 57 to: 


Army Nuclear Power Program 
Division of Reactor Development 
U. S. Atomic Energy Commission 

WASHINGTON 25, D. C. 
ATTN: Colonel D. G. Wirtiams, Chief 


MANAGER CRITICAL FACILITY 


To manage important critical facility programs which include zero 
power reactor test program on the PMI core, an experimental 
program on a second reactor type in support of reactor code devel- 
opment, and a critical reactor program to verify the fluidized bed 
reactor concept. MS or PHD in nuclear physics and five or more 
years experience in experimental nuclear physics required. Knowl- 
edge of pulse neutron techniques desirable. Write to: Mr. J. W. 
Perry, Manager, Professional Employment, The Martin Company, 
Baltimore 3, Maryland. 


Re 
MVEA ZA IFES A a 


Ss A A. Tl raio fF ke 














U. S. ATOMIC ENERGY COMMISSION 
NUCLEAR SCIENTISTS—SNAP PROGRAM 
AEC STAFF VACANCIES—Challenging work on expanding re- 


actor program. Experience in nuclear engineering required. Salaries 
are commensurate with qualifications. Submit detailed resumes to: 


Personnel Officer 
U. S. Atomic Energy Commission 
Canoga Park Area Office 
P. O. Box 591 
Canoga Park, California 
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NEW PORTABLE 


RADIOACTIVE GAS MONITOR 


SENSITIVE TO: 


TRITIUM (H*) 

RADON (Rn™”) 

KRYPTON 85 (Kr™) 

CARBON 14 (C“) 
Completely self-contained, 
the Land-Air Model 149 Ra- 
dioactive Gas Monitor fea- 
tures audio alarm which may 
be set at any desirable thresh- 
old to furnish instant warning 
if radioactive gas concentra- 
tion exceeds your predeter- 
mined limit. Weighing only 
12 pounds, the model 149 re- 
quires no external power sup- 
ply. It may be readily located 
in areas subject to contamina- 
tion from Nuclear Reactors, 
Accelerators, Carbon 14 re- 
search, or Tracer research. A 
quickly attached flexible hose 
and probe increases the adapt- 
ability of this monitor to 
Health Physics Instrumenta- 
tion, Area Monitoring, Air Pol- 
lution, and Leak Detection. 


Land ME Wc: 


SABA 


SPECIFICATIONS 
SENSITIVITY—0-102, 0-103, 0-104, 0-105 Microcuries Per Cubic Meter 


BATTERY LIFE—Electronics 500 Hours, Blower 15 Hours (rechargeable) | 


SOURCE—Push Button Operated, Less than 1 Microcurie Radium 
AIRFLOW—2.5 C.F.M. Depending on Filters (Built-in Blower) 
ELECTROSTATIC PRECIPITATOR 
ALARM—Preset at any desired Threshold 
DESSICANT—Dries Electrometer Compartment 


For complete information write to: 


INSTRUMENT AND ELECTRONIC DIVISION) 
2133 Adams Avenue + San Leandro, California » Phone Lockhaven 9-5841 | 
LAND-AIR IS A SUBSIDIARY OF CALIFORNIA EASTERN AVIATION, INC. | 








after the city, before the state 
the ZONE keeps your mail from being late 


The Post Office has divided 106 cities into postal delivery 
zones to speed mail delivery. Be sure to include zone number 
when writing to these cities; be sure to include your zone num- 


ber in your return address —.after the city, before the state. 








1 Kilo-volt Per Centimeter Gradient | 
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CHARCO 


DRY BOX GLOVES 


PROVIDE DEPENDABLE PROTECTION 
IN CRITICAL OPERATIONS AT 


ARGONNE NATIONAL LABORATORY 
an, , 


(Photo by courtesy of Argonne ‘National Laboratory) 
CHARCO “NEO-SOL” DRY BOX GLOVES IN USE AT ARGONNE’S 
PLUTONIUM REACTOR FUEL ELEMENT FABRICATION FACILITY 


PROUD RECORDS OF RELIABLE PERFORMANCE BY CHARCO DRY BOX GLOVES HAVE BEEN 
MADE IN THIS COUNTRY AND ABROAD, IN MAJOR ATOMIC ENERGY INSTALLATIONS 
ALSO IN BIOLOGICAL AND INDUSTRIAL RESEARCH. 


PREMIUM QUALITY MILLED NEOPRENE 


CHARCO DRY BOX GLOVES 
FLEXIBLE, FINGER SENSITIVE AND COMFORTABLE 


* Lh 


NEO_ SOL 


PREMIUM QUALITY, ALL MILLED NEOPRENE. THESE GLOVES 
ARE OIL, CHEMICAL AND OZONE RESISTANT. THEY CONFORM 
TO REQUIREMENTS OF ARGONNE NATIONAL LABORATORY 
SPECIFICATIONS PF-1-b-(Rev. 6). 


CHARCO ® 
T 
RAD 
AR 
SEAMLESS, LEAD-LOADED, MILLED NEOPRENE ARE OF A 
DENSITY OF 3.95 GRAMS PER CUBIC CENTIMETER. 


UNDER 
ACTUAL TESTS THESE GLOVES HAVE BEEN PROVEN TO SHIELD 
OUT SOFT GAMMA RAYS MORE THAN 8%. 


Both CHARCO Dry Box Gloves are manufactured of MILLED NEOPRENE, by the Multiple 
Dip Cement Method, in which MOLECULAR SOLVENT solutions of Neoprene are used, to 
meet demands and rigid specifications required for nuclear and biological work. — The Latex 


Coagulation Process is NOT used in manufacture of CHARCO Dry Box Gloves! 


EACH CHARCO DRY BOX, GLOVE, IS HIGH 
VOLTAGE TESTED, AND SO C IED! 


“NEO-SOL” and ““RAD-BAR” gloves offered in a complete range of styles and thicknesses, to fit 5, 
7 and 8 inch diameter ports. The ““RAD- BAR” glove is also offered in standard short lengths. 


INSTALL CHARCO DRY BOX GiOVES 
AND YOU WILL INCREASE BOTH 
EFFICIENCY AND PROTECTION 


LE Our Research and Testing Laboratories 
CHASED Will Welcome The Opportunity 


oa To Help Solve Your Problems. 
Lin> 


WRITE FOR OUR NEW 
SCIENTIFIC DIVISION BROCHURE 
AND TECHNICAL DATA 


CHARLESTON RUBBER COMPANY 


7 STARK INDUSTRIAL PARK - CHARLESTON, SOUTH CAROLINA 
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Quick Quarter-Turn 
Operation and Positive 
Sealing Featured in 


PACIFIC’s New 
BALL VALVES 











Pacifics new Ball Valves 
utilize elastomer seals and 
a unique floating ball de- 
sign for absolute tight clo- 
sures with line flow in 
either direction. Straight 
through, round parts pro- 
mote efficient handling of 
slurries, semi-solid fluids 
and abrasive loaded fluids 
or gases. Hard, mirror finish of ball im- 
proves corrosion resistance and affords 
a low coefficient of friction. Quick, quar- 
ter-turn operation assures responsive, 
immediate full open or full closed posi- 
tioning. Versatile valve handle can be 
installed in two positions for convenient 
operation even in the most confined 
quarters. Lightweight, compact design 
reduces installation cost and valves can 
be easily installed in any position. 
Pacific offers a wide range of standard 
materials to custom-tailor these valves 
to fit your particular application without 
delivery delay or extra expenses. Avail- 
able in sizes 1,” to 10” Pacific can meet 
your immediate needs with valves of 
Ductile Iron, Cast Iron, Bronze, Alumi- 
num or Alloy Steels. 
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[t takes intimate knowledge of the‘‘little weather’”’ that 
prevails on the site of a proposed nuclear reactor to 


predict possible hazards and set up proper safeguards 

Che staff of Lockheed’s Meteorological Research De- 

partment are recognized leaders in micrometeorology, LOCK Fi | = Ee |» 
synoptic meteorology, and climatology. They have NUCLEAR PRODUCT 


had a bro id ex erience in develo 1 g on-site climat- 3 ) 2'A VISION, LOCKHEED AIRCRAF LOR RATION 
ng 
AW INVILLE, MARIE A, ATLANTA 


ological data and relating it to existing data for the 
general area. Address: 3272 Peachtree Rd., N.E., Atlanta 5 





Today's growing interest in higher and higher tempera- 
ture reactor concepts has Male d-lokt-Te Mial-Meetalilae] ite (-tailelale| 
for specialized structural materials. National Carbon 
Company's current development work has proved that 
10 long tubular graphite can be produced with a helium 
admittance of 10-7 cm?/sec. STP (standard temperature 
and pressure). Actually, experimental work in the fabora- 
tory has produced graphite with lower permeability. 

This fully graphitized material has been processed at 
temperatures well over 2500 C. Permeability is achieved 
throughout the material and is not just a result of a 
surface condition. 

Presently, irradiation resu'ts are most encouraging. Spe- 


fel some lohre Mola -MSi1IM o\-1laleolaalicltiicl(-1o Mili -t¢-Mele-Mldcelellem 
tions in process of graphite matrix fuel bodies eacapsu- 
lated in this low permeability grephite. Fission product 
release data are being determined. _ 

While consideraole effort is stil required to reduce 
manufacturing time, National Carbon Company, through 
its research, development and production departnients 
's working towards satisfying the nuclear industry’s specia! 
requirements for graphite. National Carbon Company, 
Division of Union Carbide Corporation, 270 Park Avenue, 
New York 17, N.Y. In Canada: Union Carbide Canada 


Wiralhicte Mam hel gelahcey 





UNION 


een Vile). Veo \ Yo) Mee DM cansipE 














f i 
i eee ‘ 
a 4 . b: 4 
. y . 
ra ‘ - , 
| i 
: 2 
* 4 
f oe 
~ - | 
’ i 
i * 
= i " e : ye 
r — . MRE * cots 
os 

¢ 

2 ie eeu. 

fe 

° 
c — = 
; \. : 
x nis « . nf "| " : i * : 7 . 
; F > ‘ : ‘ . 
Pays : i ‘ . ; 
i sf . = 
j 
~ “4 


























